Improving Medication Adherence Post-ST-Elevation Myocardial
Infarction
Running Title: DERLA-STEMI
Jon-David Schwalm1

Thesis Supervisor
Dr. Jeremy Grimshaw2
Thesis Committee
Dr. Monica Taljaard2
Dr. Madhu Natarajan3

1

University of Ottawa and McMaster University/Hamilton Health Sciences/Population Health Research
Institute
2
Clinical Epidemiology Program, Ottawa Hospital Research Institute and University of Ottawa, Ottawa,
Ontario
3
McMaster University/Hamilton Health Sciences/Population Health Research Institute, Hamilton,
Ontario

Thesis submitted to the Faculty of Graduate and Postdoctoral Studies in partial
fulfillment of the requirements for the M.Sc. Degree in Epidemiology

Department of Epidemiology and Community Medicine
Faculty of Medicine
University of Ottawa

© Jon-David Schwalm. Ottawa, Canada, 2015

DERLA STEMI

Schwalm, J-D

Synopsis:
ST-segment elevation myocardial infarction (STEMI) is a common presentation of acute
myocardial infarction, constituting approximately 30% of all cases. Based on the highest level of
evidence for improvement in both morbidity and mortality in these patients, clinical guidelines from
around the world support the prolonged use of secondary preventative medications (e.g., acetylsalicylic
acid, second antiplatelet [clopidogrel, prasugrel, and ticagrelor], statin, beta-blocker, and angiotensin
blocker). While in-hospital and discharge prescription rates for these essential life-saving medications is
excellent, adherence is known to decline within weeks of hospital discharge. This decline in evidencebased medication use was confirmed in a population of patients with coronary artery disease in Ontario
(Chapter 3). Furthermore, it was demonstrated that this decline was consistent across all medication
classes and subgroups of patients. We developed a protocol (Chapter 4) for a cluster-randomized
controlled trial evaluating the impact of repeated reminders sent by mail to the family physician and the
patient, starting one month after the STEMI. The fifth chapter highlights the results of the clusterrandomized controlled trial, which demonstrates suboptimal persistence to all 4 of 4 cardiac medication
classes at 12-months. There was no significant difference compared to usual care in the use of
guideline-recommended medications post-STEMI when participants (and their family physicians)
receive repeated postal reminders.
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Glossary:
ACC……………………….American College of Cardiology
ACEI………………………ACE Inhibitors
AMI
Acute Myocardial Infarction
ARB……………………….Angiotensin Receptor Blockers
BB…………………………Beta Blockers
CABG
Coronary artery bypass graft
CAD
Coronary artery disease
CCN
Cardiac Care Network of Ontario
CCS
Canadian Cardiovascular Society
cRCT
Cluster Randomized Controlled Trial
CV
Cardiovascular
CVD
Cardiovascular Disease
DES……………………….Drug Eluting Stent
14. FP
Family Physician
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.

15. GEE
16. ICC
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.

Generalized Estimating Equations
Intra-cluster Correlation Coefficient

ICES
Institute for Clinical Evaluative Sciences
KT
Knowledge Translation
KTA
Knowledge to Action
LHIN
Local Integrated health Network
LV…………………………Left ventricular
LVEF……………………...Left ventricular Ejection Fraction
MI
Myocardial Infarction
MMAS
Morisky Medication Adherence Score
MPR
Medication Possession Ratio
NNT……………………….Numbers needed to treat
PCI
……….Percutaneous coronary intervention
PDC
Proportion of Days Covered
PI
Principal Investigator
RCT
Randomized Controlled Trial
REB
Research Ethics Board
STEMI
ST-Elevation Myocardial Infarction
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Chapter 1: Thesis Introduction and Overview

Jon-David Schwalm1
1

University of Ottawa and McMaster University/Hamilton Health Sciences/Population Health Research
Institute

Department of Epidemiology and Community Medicine
Faculty of Medicine
University of Ottawa
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Problem:
ST-segment elevation myocardial infarction (STEMI) is a common presentation of acute
myocardial infarction (AMI), constituting approximately 30% of all cases [1, 2]. Based on the highest
level of evidence for improvement in both morbidity and mortality in these patients, clinical guidelines
from around the world support the prolonged use of secondary preventative medications (e.g.
acetylsalicylic acid, second antiplatelet [clopidogrel, prasugrel, or ticagrelor], statin, beta-blocker, and
angiotensin blocker) [3, 4]. While in-hospital and discharge prescription rates for these essential lifesaving medications is excellent, adherence is known to decline within weeks of hospital discharge, and
this decreased adherence to guideline recommended medications is associated with increased mortality
[5-9].

Purpose and Rationale:
There is an important need for research to better understand the determinants of medication nonadherence and to evaluate interventions to address this. We undertook a study to determine the decay in
medication adherence in patients with coronary artery disease (CAD) and to identify potential
opportunities to improve long-term medication use. A Cochrane review demonstrated that patient
reminders were the best way to improve adherence to statin therapy, and recommended testing delayed
reminders as opposed to immediate reminders that are given to the patients just after discharge or postevent [10]. Given medication adherence decreases with time, delayed and repeated reminders are likely
to achieve a greater effect size. Therefore, the overarching purpose of this thesis was to improve the
morbidity and mortality of STEMI patients through the use of repeated and delayed reminders that
promote the long-term use of guideline-recommended medications.
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Objectives:
There are two specific objectives of this study which will be explored in three, separate, but
related manuscripts in Chapters 3, 4, and 5.
1. The first objective of this thesis was to identify the current Ontario trends in adherence to cardiac
medications and factors associated with adherence to cardiac secondary prevention medications
in patients in whom CAD was evident during angiography (Chapter 3).
2. The second objective of this thesis was to assess if repeated mailing of educational reminders to
the family physician (FP) and the patient will decrease the proportion of patients who
discontinue evidence-based secondary prevention medications at 12 months post-STEMI. This
objective will be explored in Chapter 4 and Chapter 5.

Overview of Submitted Thesis and Manuscripts:
The Knowledge to Action (KTA) framework, as described by Graham et al. [11] (Figure 1), is a
conceptual framework that outlines the movement of knowledge into action, while integrating
knowledge creation and application. We adopted this practical process for KT research to guide the
development of my thesis. Outlined below are the steps in the KTA process, coupled with the relevant
chapters, highlighting the stages of research in this thesis.
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Figure 1-1: Knowledge to action process [11]

As outlined in the KTA cycle, the Knowledge Creation funnel (Figure 1) and crux of KT
research requires a solid foundation of evidence. “Chapter 2-Knowledge Creation-The Evidence”,
provides the background information required by the reader, to better understand the burden of CAD and
STEMI. This chapter summarizes the evidence supporting long-term medication use for secondary
prevention in CAD.
Chapter 3-“Problem identification, knowledge contextualization and barrier assessment”, begins
with a review of evidence-practice gaps in secondary prevention for CAD and reviews the barriers to
evidence-based medication use for secondary prevention identified in the literature. This chapter also
includes a paragraph summarizing the published paper, “Length of Initial Prescription at Hospital
Discharge and Long-term Medication Adherence for Elderly Patients with Coronary Artery Disease: A
Population-Level Study” [12]. References will be made to supporting appendices. The manuscript in
this chapter highlights the evidence-practice gap that currently exists in Ontario with respect to the long10-Feb-2015
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term persistence of evidence-based cardiac medication use in patients with identified CAD and suggests
some barriers to optimal care.
Chapter 4-“Select, tailor, and implement intervention”, reviews mechanisms to promote longterm medication adherence. This chapter integrates the evidence, identified problem, and established
mechanisms to promote medication adherence, and adapts the KTA framework to the local context in
one health region in Ontario. These stages of the KTA process provide the foundation for the published
study protocol entitled, “Delayed educational reminders for long-term medication adherence in STelevation myocardial infarction (DERLA-STEMI): Protocol for a pragmatic, cluster-randomized
controlled trial” [13], that is included in Chapter 4. Additional appendices are included.
Chapter 5-“Evaluate Outcomes”, includes a paragraph summarizing the DERLA STEMI cRCT
and results. The trial manuscript being submitted for publication is included.
Chapter 6-“Discussion and Sustain Knowledge Use”, summarizes the thesis, reviews novel
concepts presented herein, limitations and provides an overall direction and next steps in this program of
research.
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Chapter 2: “Knowledge Creation-The Evidence”

Jon-David Schwalm1
1

University of Ottawa and McMaster University/Hamilton Health Sciences/Population Health Research
Institute

Department of Epidemiology and Community Medicine
Faculty of Medicine
University of Ottawa
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Introduction:
As described in Chapter 1, the KTA framework for KT research is built on the assumption that a
solid foundation of evidence exists before knowledge is moved into action (Knowledge Creation funnelFigure 1). Without such evidence, the implementation of diagnostic or therapeutic strategies could lead
to systematic inefficiencies or even harm [14]. This chapter highlights the burden of CAD and the
evidence supporting the use of long-term secondary prevention medications.

Epidemiology: The burden of cardiac disease
Despite important advances in the management of cardiovascular (CV) risk factors, CAD is
responsible for about one-third of the mortality in individuals over age 35 [15-17] . Almost half of all
middle-aged men and a third of middle-aged women in high-income countries develop clinical
manifestations of underlying obstructive CAD, such as an acute coronary syndrome (ACS) in their
lifetime [18]. Half of ACS and 70% of CV deaths occur in patients with a history of CAD [19].
Fortunately, CV morbidity and mortality has decreased in the last decade thanks in part to evidencebased medications [16, 20]. Post-ACS guidelines strongly recommend the indefinite use of antiplatelets, beta-blockers, angiotensin blockers, and statins for all patients [21-23]. Adherence to
guideline-recommended medications reduces mortality by a remarkable 65%-75% [20, 24]. However,
sub-optimal adherence to cardiac medications is associated with increased mortality and higher health
costs [6, 8, 9, 25-27].

Evidence supporting long-term medication use for secondary prevention in
CAD
In conjunction with lifestyle modifications, unless contraindicated, The American College of
Cardiology (ACC) and Canadian Cardiovascular Society (CCS) both support the initiation and
10-Feb-2015
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maintenance of pharmacotherapy including anti-platelets, cholesterol lowering therapies and blood
pressure lowering therapies post-STEMI with Class I support (conditions for which there is evidence
and/or general agreement that a given procedure or treatment is beneficial, useful, and effective) and
Grade A or B evidence (data derived from multiple randomized clinical trials or meta-analyses and data
derived from a single randomized trial, or nonrandomized studies, respectively) (Table 1) [3, 23, 28].

Table 2-1: Guideline Recommended Secondary Prevention Medication [3, 23, 28]

Medication

Duration

Recommendation
(Evidence)

Comment:

Acetylsalicylic Acid
(ASA)

Indefinitely

Class 1 (Level A)

All ACS patients1

2nd Antiplatelet
(clopidogrel/ticagrelor)

12 months

Class 1 (Level A)

All ACS patients1

Statin

Indefinitely

Class 1 (level A)

All ACS patients2

Class 1 (Level A)

Hypertension, Diabetes,
and/or Left Ventricular
Ejection Fraction ≤ 40%3

Class 2A (Level B)

All other ACS patients3

Min 3
years

Class 1 (Level A)

ACS Patients with Left
Ventricular Ejection
Fraction <40%3

Min 3
Years

Class 1 (Level B)

All ACS patients3

> 3 years

Class 2A (Level B)

All ACS patients3

Angiotensin Blocker
(ACEI/ARB)

Beta-Blocker
(BB)

10-Feb-2015
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Summary:
Unlike, many other conditions in medicine, in which the evidence for or against a particular
treatment, can be considered a grey zone, it is clear that the majority of CAD patients benefit from the
use of secondary prevention medications.
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Chapter 3: “Problem identification, knowledge contextualization
and barrier assessment”

This chapter incorporates the manuscript, “Canadian Journal of Cardiology 2013; 1-7”.
Noah M. Ivers1,2, J.-D. Schwalm3,4, Cynthia A. Jackevicius, PharmD5-9, Helen Guo9, Jack
V. Tu9,10, Madhu Natarajan3,4,11
Family Practice Health Centre, Women’s College Hospital, Toronto, Ontario, Canada
2
Department of Family and Community Medicine, University of Toronto, Toronto,
Ontario, Canada
3
Heart Investigation Unit, Hamilton General Hospital, Hamilton, Ontario, Canada
4
Population Health Research Unit, McMaster University, Hamilton, Ontario, Canada
5
College of Pharmacy, Western University of Health Sciences, Pomona, California, USA
6
Department of Pharmacy, Veterans Affairs Greater Los Angeles Health Care System,
Los Angeles, California, USA
7
Department of Pharmacy, University Health Network, Toronto, Ontario, Canada
8
Institute of Health Policy Management and Evaluation, University of Toronto, Toronto,
Ontario, Canada
9
Institute for Clinical Evaluative Sciences, Toronto, Ontario, Canada
10
Sunnybrook Schulich Heart Centre, University of Toronto, Toronto, Ontario, Canada
11
Cardiac Care Network of Ontario, Toronto, Ontario, Canada
1

Department of Epidemiology and Community Medicine
Faculty of Medicine
University of Ottawa
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Introduction:
A strong foundation of evidence that supports guideline recommendations is the required first
component of the Knowledge to Action framework, as described by Graham et al (Figure 1) [11]. As
outlined in Chapter 2, there exist national and international guidelines that support the use of long-term
secondary prevention medications in patients with established CAD. Prior to intervening with a
knowledge translation (KT) intervention, an evidence-practice gap must first be identified. Following
identification of this gap, in order to plan an intervention to improve adherence to secondary prevention
medications in CAD, it is necessary to learn more about the factors that predict poor adherence in
patients with known CAD. This chapter highlights the existing evidence-practice gaps for the secondary
prevention of CAD and barriers to care, both in the literature and in a contemporary, population-based
study of over 18000 CAD patients in Ontario (Manuscript included in this chapter).

Evidence-practice gaps in secondary prevention for CAD:
There remains a large gap between ideal and actual provision of care with respect to the use of
proven secondary prevention treatments post-ACS. Persistence to medications post-ACS begins falling
by thirty days and drops as low as 50% six months post-discharge [5, 7, 29-31] . In the PURE study, the
use of secondary prevention medication in patients with established CAD is abysmal, with rates as low
as 5% in low-income countries versus 50% for the use of 3 cardiac medications (ASA, statin and antihypertensive agent) in high-income countries (Figure 2) [32].
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Figure 3-1: Number of individual cardiac medications taken by CAD patients [32]

Barriers to adherence to secondary prevention:
Reasons for non-adherence may be categorized as system-level (e.g. access to care, coordination
of care, etc.), patient-level (e.g. beliefs, finances, etc. ), and provider-level (e.g. motivation, time,
knowledge, etc.) as illustrated in Figure 3 [33, 34]. At the system level, poor adherence may be
frequently due to fragmented systems of care or communication problems between secondary and
primary care [35, 36]. Transitions of care increase risk for inadvertent discontinuation of cardiac
medications [37] . At the provider-level, having a cardiologist involved in the care post-MI may
increase rates of appropriate medication adherence in the elderly. In one study of community
cardiologists, it was determined that inaccurate estimation of future risk was a common reason for not
prescribing secondary prevention medications [38, 39] . In addition, physician communication skills are
predictive of adherence, yet adherence is infrequently discussed [40, 41] . At the patient level,
10-Feb-2015
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socioeconomic factors and side-effects are known to play a role in medication adherence post-AMI,
however, side effects are infrequently the primary reason for discontinuation (Table 2) [39, 42, 43].
Patient factors that may be readily modifiable, including beliefs about their illness and treatment, play a
key role. Post-MI, those stopping statins tend to feel well (low perceived susceptibility) and believe
their cholesterol is controlled (low perceived benefit) [44]. In those who are intentionally non-adherent,
concerns about treatment may outweigh perceived necessity [45]. To address unintentional nonadherence, it has been suggested that interventions should include prompts to aid memory and coping
plans, so that recommended treatments can be fit into normal routines and foreseeable challenges
managed [46].

Figure 3-2: Conceptual Framework of Factors influencing adherence [34]
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Table 3-1: Side-effects of Guideline-recommended Secondary Prevention Medications
Medication or Class

Aspirin [50]

Side-Effects leading to
Discontinuation (%) in RCTs
No Difference compared to
placebo
Major or minor bleeding < 3%

Clopidogrel [50]

Major or minor bleeding < 5%

ACEI/ARB [50]

Increased cough (10%) and
renal dysfunction (less than
3%)
Dyspnea and bronchospasm <
3%

Statins [47-50]

Beta-Blocker [50]

Absolute Contraindications
Hypersensitivity to med or
active liver disease,
Hypersensitivity to med or
active pathological bleeding
Hypersensitivity to med or
active pathological bleeding
Hypersensitivity to med (prior
angioedema)
Hypersensitivity to med

The DERLA Baseline Study:
While there is evidence in the literature, as highlighted above, that demonstrates: (1) the existing
evidence –practice gaps in secondary prevention of CAD and (2) identified factors associated with poor
adherence, understanding the knowledge of local gaps and contextual barriers are important when
considering KT interventions as outlined in the KTA framework [11]. Therefore, using administrative
databases housed at the Institute for Clinical Evaluative Sciences (ICES) and the Cardiac Care Network
of Ontario (CCN), we conducted a population-based project in approximately 18000 patients in Ontario,
over the age of 65 years old. This study was designed to help inform the design of an intervention to
promote secondary prevention medication use as outlined in Chapter 4 and 5.
The specific objectives of the DERLA baseline study were to: (1) identify current evidencepractice gaps by assessing adherence rates and time to discontinuation of cardiac medications
(clopidogrel, ACEI/ARB, BB, statin) for 18 months following an angiography that confirmed the
presence of CAD (ASA use could not be captured in the administrative databases); and (2) assess
predictors of medication adherence.
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This study had four significant findings. First, in a contemporary Ontario population, nonadherence is a significant issue in cardiac patients, even when medication costs is not an issue (all
patients were > 65 years old and thus covered by Ontario Drug Benefits).
Second, non-adherence was found to be a problem across all subgroups, thus supporting the need
for global interventions in all secondary prevention patients (Appendix 3-1). These findings were not
described in detail in the attached manuscript. However, the DERLA baseline study was also designed
to help identify vulnerable subgroups of patients that could be targeted by interventions to promote
ongoing adherence to cardiac secondary prevention medications. For instance, if it were identified that
low income populations were much more non-adherent then higher income populations, then the
intervention would be tailored to this subgroup of patients. However, as outlined in Appendix 3-1, no
clinically significant differences in the numerous subgroups were identified among the demographics
captured in the administrative databases. For example, patients in the highest income quintile were
more adherent to ACEI/ARBs at 18 months follow-up (73.6% versus 68.9%, p=0.0002). However,
there was no statistically significant difference in beta blocker use between the lowest and highest
income quintiles (66.9% versus 64%, respectively, p=0.1547). Targeting a subgroup with a 4.7%
absolute difference in rates of adherence of one indicated medication but not another, was not felt to be
efficient, as both subgroups had suboptimal adherence overall and would thus both benefit from an
intervention to improve medication use. This was the case for the other identified subgroups in this
study. Therefore an intervention that targeted the entire population of patients with identified CAD was
considered to be most appropriate.
Third, vulnerable periods of time appear to be consistent with prescription refills (30, 60, 90, and
120 days post index angiogram) (Figure 2 in manuscript 1). This finding helped informed the timing of
the intervention delivery as outlined in Chapter 4 and 5.
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Finally, we learned that the duration of the initial prescription was the biggest predictor of longterm adherence to guideline recommended therapies. Unfortunately, this aspect could not be
incorporated into the DERLA STEMI trial but the duration of initial prescription will be discussed
further in the final chapter as it relates to next steps in this program of research.

Limitations of the DERLA Baseline Study:
The DERLA Baseline study has 5 limitations. First, the study is limited to patients > 65 years and older.
This limits the generalizability of the findings, as we cannot assume the same results apply to patients
less than 65 years old. Furthermore, this study population had their medications fully covered by the
Ontario Drug Benefits plan, thus medication costs are likely another barrier in patients < 65 years old.
Second, the database did not capture medications that are purchased over the counter (i.e. ASA). Third,
while the measure of proportion of days covered is valid, it is a surrogate of true medication adherence.
Fourth, the subgroup analyses were limited by the variables captured in the administrative databases
housed at ICES and CCN. Finally, this was an observational study and the findings related to the length
of prescription need to be confirmed in a randomized controlled trial.
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Manuscript One:
Length of initial prescription at hospital discharge and long-term medication
adherence for elderly patients with coronary artery disease: a population-level
study.
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Brief summary
Cardiac medication non-adherence has been shown to be associated with mortality. This was a
population-level, retrospective cohort study examining the role of a modifiable factor, length of initial
prescription for cardiac medications post-angiography, on long-term medication adherence. We found
that length of initial prescriptions for cardiac secondary prevention medications upon hospital discharge
seem to represent a modifiable factor for long-term adherence in patients with coronary artery disease,
possibly by reducing the patient’s refill burden.
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ABSTRACT
Background
Adherence to cardiac secondary prevention medications declines over time. We examined whether the
length of the initial prescription post-hospital discharge after coronary angiography would be associated
with long-term adherence.
Methods
We conducted a population-level cohort study to examine adherence to cardiac medications for 18
months following a coronary angiography in elderly patients with coronary artery disease. We identified
patients with clinical indications for angiotensin converting enzyme-inhibitors or angiotensin receptor
blockers (ACE-I/ARB), beta-blockers (BB), and/or statins. In each medication class cohort, we defined
high adherence as proportion of days covered > 80%. The length of the initial prescription was defined
as 0 to 30 days, 31 to 60 days, and greater than 60 days. We controlled for patient socio-demographic
factors, previous adherence, and comorbidities.
Results
The ACE-I/ARB cohort included 13,305 patients, the BB cohort included 5,792 patients, and the statin
cohort included 16,134 patients. Using less than 30 days as the reference, initial prescriptions covering
at least 60 days were more likely to result in high long-term adherence for ACE-I/ARB (adjusted odds
ratio (aOR) = 4.1, 95% confidence interval (CI) 3.6, 4.7), BB (aOR = 2.4, 95% CI 1.9, 3.1), and for
statins (aOR = 3.0, 95% CI 2.6, 3.4). Over 80% of patients had outpatient follow up with a primary care
provider within 30 days and this did not vary based on length of initial prescription.
Conclusion
Longer prescriptions for cardiac secondary prevention medications upon hospital discharge seem to
increase the likelihood of high long-term adherence in elderly patients.

10-Feb-2015

28

DERLA STEMI

Schwalm, J-D

Background
Patients with documented coronary artery disease (CAD) have an increased risk of subsequent
cardiovascular events, including myocardial infarction, heart failure, and death [19]. Guidelines stress
that the initiation and long-term maintenance of evidence-based secondary prevention medications such
as antiplatelets, angiotensin converting enzyme-inhibitor or angiotensin receptor blockers (ACE-I/ARB),
beta-blockers (BB), and statins are essential for reducing cardiovascular outcomes [3, 23].
Unfortunately, adherence to cardiac secondary prevention medications declines over time and this
decreased adherence is associated with increased mortality [31, 5-9].
The purpose of this study was to identify factors associated with adherence to cardiac secondary
prevention medications in patients who had CAD evident during angiography. In particular, we assessed
whether the length of the initial prescription post-angiography was associated with long-term adherence,
based on our clinical observation that many patients were offered brief prescriptions to encourage early
outpatient follow-up.
Methods
We conducted a retrospective cohort study to examine adherence to cardiac secondary prevention
medication 18 months after coronary angiography. The Research Ethics Board at Sunnybrook Health
Sciences Centre approved this study.
Databases
We used population-based administrative records linked through a unique identifier at the Institute for
Clinical Evaluative Sciences (ICES). Data were compiled from the following databases: (a) the Ontario
Drug Benefits (ODB) database, covering all medications prescribed to persons in Ontario over 65 years
of age [51, 52]; (b) the Canadian Institute for Health Information Discharge Abstract Database covering
hospital discharge diagnoses [53] using International Classification of Disease (ICD) codes, permitting
the calculation of the Charlson comorbidity score [54]; (c) the Ontario Health Insurance Plan (OHIP)
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database, covering physician billings for procedures and consultations [55]; (d) the Registered Persons
Database covering demographic information including date of death; and (e) the Cardiac Care Network
of Ontario (CCN) cardiac registry, with clinical variables collected at the time of angiography. The CCN
cardiac registry has recently been used as a reference standard to validate other databases [56].
Patient Cohorts
We examined patients with CAD identified during coronary angiography occurring between October 1,
2008 and September 30, 2009. The included cohort had at least 70% blockage in at least one vessel or at
least 50% blockage in the left main. Medication data in the ODB is captured for all patients over 65.
Therefore, restricting to patients aged 65 plus 120 days allowed us to account for prescriptions started
prior to the date of the angiography.
From the entire cohort of patients with CAD, we created three medication-class cohorts to
identify patients who had a clinical indication for long-term use of ACE-I/ARB, BB, and/or statin based
on Class 1A evidence from recent guidelines [23]: the ACEI/ARB cohort included patients with
diabetes, or hypertension, or decreased left ventricular ejection fraction (<50%); the BB cohort included
patients with decreased left ventricular ejection fraction (<50%) and NYHA class 2-4, or a history of
myocardial infarction prior to or as indication for the angiography; the statin cohort was not limited as
guidelines recommend long-term use of statins in all patients with evidence of CAD [3]. We did not
assess antiplatelets because clopidogrel is not indicated for the long-term in many patients and because
ASA is usually purchased over-the-counter, without a prescription in Ontario. We limited analyses to
patients who survived for 18 months post-angiography.
Outcome: Assessment of adherence
In each medication-class cohort, we assessed adherence using the proportion of days covered (PDC)
technique, in which the days supplied during each interval is divided by the number of days in the
interval. The PDC was calculated 540 days (i.e., 18 months) post-angiography. Patients not prescribed
any medication in a class would have PDC equal to zero. When patients were dispensed a prescription
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renewal prior to the end of their previous prescription period, the excess supply was carried over to the
next period, but the maximum PDC for the interval was equal to one. We dichotomized patients based
on their PDC into high and not-high adherence, with high-adherence defined as PDC >80% [8]
Exposure: Length of initial prescription post-angiography.
We examined the number of days supplied in the initial prescription fill for each medication class [51,
52]. Prescriptions covered by the ODB plan are dispensed for a maximum of 100 days. Therefore, we
categorized the initial days supplied of the initial prescription as follows: a) <1 month (0 - 30 days); b)
1-2 months (31 - 60 days); and c) >2 months (>60 days). For those who did not have any leftover pills
from a previous prescription and who did not fill a new prescription within 30 days of their angiography,
the length of initial prescription was set at zero.
Covariates
We controlled for confounding factors that might influence prescription adherence, including sex, rural
location, and socioeconomic status. For the latter, we used median neighborhood income quintile using
postal code linkage to census data from Statistics Canada [57]. We also adjusted for comorbid disease
burden [58, 59] using the number of distinct medications dispensed in the year prior to cohort entry [60,
61] as well as by Charlson Score [62]. In addition, we accounted for the severity of the presentation
leading to the angiography (ST-elevation MI, non-ST-elevation MI, unstable angina, elective), findings
during angiography (number of vessels affected), subsequent treatment (medical management or
percutaneous coronary intervention or coronary artery bypass within 90 days), and presence of heart
failure (left ventricular function and NYHA class), angina (CCS class), chronic obstructive pulmonary
disease, diabetes, hypertension, dyslipidemia, peripheral vascular disease, cerebrovascular disease, plus
smoking status and history of coronary bypass and/or myocardial infarction. These clinical variables are
recorded in the CCN cardiac registry at the time of angiography. We also adjusted for history of mental
health care given the potential association with adherence [58-60]. This was assessed using a validated
algorithm for identifying patients with a relevant OHIP billing code (ICD-9 295-304, 306, 309, 311,
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897-902, 904-906, 909) representing an outpatient family physician assessment for mental health [63] or
any hospitalization for mental health (ICD-10 F00-F99) or any billing by a psychiatrist in the previous
year. Using data from ODB, we also adjusted for past medication adherence for those who were
prescribed the medication of interest in the year prior to the angiography as well as concurrent
cardiovascular medications. Finally, we used OHIP to determine the number of outpatient appointments
with a specialist (cardiologist or internist) or with a primary care provider (family physician or general
practitioner).
Statistical Analysis
We conducted multivariable logistic regression to examine the effects of initial prescription and followup characteristics on adherence, adjusting for potential confounding variables. The strength of the
association between exposure and adherence is expressed as an adjusted odds ratio (aOR). A separate
model was conducted for each medication-class. All models included patient age and sex, as well as
indication for the angiography; other covariates were included in the model if their P-values were less
than 0.05, using a backward selection process. [64]
We conducted additional, post-hoc analyses to further examine the findings. First, we repeated
the main analysis after excluding patients with an initial prescription length of less than seven days
under the assumption that the physician in such cases was uncertain if the patient required or could
tolerate the medication. Second, we explored timing of outpatient follow-up to see if this could explain
the relationship between adherence and prescription length. Finally, we examined medication
discontinuation post-angiography for each medication-class. We defined discontinuation as occurring
when the prescription is inactive for at least 20% of the length of time of the previous medication. [37]
To measure discontinuation, we included only patients who were initially taking the medication-class of
interest by limiting to those who had leftover pills in a medication-class from a prescription prior to the
angiography or those who filled a new prescription for that class within 30 days after the angiography.
All analyses were conducted using SAS 9.2.
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Results
The ACE-I/ARB cohort included 13,305 patients, the BB cohort included 5,792 patients, and the statin
cohort included 16,134 patients (Figure 1). Demographic and clinical characteristics for each
medication-class cohort are described in Table S1, along with the proportion of patients achieving high
adherence over 540 days. Some patient characteristics were associated with increased long-term
adherence in specific medication classes, but not across all medication classes. For instance,
significantly more women had high-adherence to BB than men (p<0.001) and there was a trend
suggesting more women had high-adherence to ACE-I/ARB than men (p=0.07), while significantly
more men had high-adherence to statin than women (p<0.001).
Of all initial prescriptions 19.5% for ACE-I/ARB, 11.0% for BB, and 20.6% for statins
covered more than 60 days. The association between length of initial prescription postangiography and likelihood of high adherence at 540 days is described in Table 1. Using less than
30 days as the reference, initial prescriptions > 60 days were more likely to result in high longterm adherence for ACE-I/ARB (adjusted odds ratio (aOR) = 4.1, 95% confidence interval (CI) 3.6,
4.7), BB (aOR = 2.4, 95% CI 1.9, 3.1), and statins (aOR = 3.0, 95% CI 2.6, 3.4). Age and sex were
significant covariates in each model. Each 10-year increase in age was associated with a reduction
in long-term adherence for ACE-I/ARB (aOR = 0.8, 95% CI 0.8, 0.9), BB (aOR = 0.9, 95% CI 0.8, 0.9)
and statins (aOR = 0.89, 95% CI 0.83, 0.95). Males were less likely to have high long-term
adherence to ACE-ARB (aOR = 0.88, 95% CI 0.80, 0.96) and BB (aOR = 0.78, 95% CI 0.69, 0.88), but
more likely to have high long-term adherence to statins (aOR = 1.18, 95% CI 1.09, 1.29).
Of all prescriptions covering less than 31 days, 3292 (50.3%) for ACE-I/ARB, 715 (23.3%) for
BB, and 3789 (42.3%) for statins were prescribed for less than 7 days. After removing these cases,
patients receiving initial prescriptions longer than 60 days still had greater long-term adherence for
ACE-I/ARB (aOR = 1.3, 95% CI 1.1, 1.6) and a trend toward high long-term adherence for BB (aOR =
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1.2, 95% CI 0.9, 1.5) and statins (aOR = 1.2, 95% CI 1.0, 1.4). As seen in Figure 1, while medication
persistence fell gradually over time, higher rates of discontinuation were apparent at 30 and 90 days.
This coincides with the common length of initial prescriptions, marking the time when refills would be
necessary.
The vast majority of patients had follow up in primary care within 30 days post-angiography
(Table S2). The proportion with outpatient follow-up in primary care within 30 days was nearly
equivalent for the different initial prescription-lengths. However, those receiving initial prescriptions for
less than one month were slightly more likely to have an outpatient follow-up with a specialist within 30
days.
Discussion
This study identifies an easily modifiable factor within the control of providers and/or systems to
improve adherence. The length of initial prescription was associated with long-term adherence and the
strength of the association was consistent for each cardiac secondary prevention medication even after
adjusting for relevant clinical factors and socio-demographic factors. We found that the majority of
prescriptions at discharge cover less than one month. This may be based on a clinical assumption that
short prescriptions encourage patients to attend early outpatient follow-up. While early follow up is
essential to assess the patient and to address medication side effects, the vast majority did have followup within one month, regardless of prescription length. Therefore, shorter prescriptions may create an
unnecessary inconvenience (i.e., a refill burden) for elderly patients and the subsequent risk of reduced
adherence may outweigh other potential benefits.
Two previous small studies examined the association between length of prescriptions and longterm adherence to cardiac medications [65, 66]. The first included 290 patients and found that those with
at least 90-day supplies of digoxin less likely to run out of tablets over 9 to 14 months. The other study
included 3386 patients and found that those receiving mostly 60 day prescriptions for statins were more
likely to have high adherence than those receiving mostly 30 day prescriptions (adjusted risk ratio 1.40;
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95% CI 1.27–1.55). We agree with the conclusion of both studies that longer prescriptions may partially
address a major reason for (unintentional) non-adherence: forgetfulness [67] Our findings focus
specifically on the length of the first prescription post-angiography rather than considering the average
fill-size and build upon these studies by considering a population-level sample and by extending the
findings to multiple cardiac medications.
The same databases as those used in our study have previously been used to reveal
improvements between 1992 and 2005 in the proportion of cardiac patients dispensed secondary
prevention medications at discharge [68]. However, we found similar proportions of patients with high
long-term adherence to statins and BB as a study using the same databases between 1999 and 2003 [8],
suggesting that quality improvement efforts that have successfully improved rates of prescriptions at
discharge should now be directed to support long-term adherence [13].
The World Health Organization found that patient-level, provider-level, and system-level factors
each may play a role in sub-optimal adherence [69]. Less than 4% of patients report side effects as the
primary reason for discontinuation of cardiac medications post-STEMI [43, 70], suggesting that many
cases of cardiac medication non-adherence are unintentional or attributable to system-level and
provider-level factors [71]. Qualitative studies have found that poor adherence to cardiac medications is
often due to sub-optimal organization of care [35, 36]. In particular, transitions between specialty and
primary care represent an important risk factor for unintentional discontinuation of cardiac medications
[37, 72]. Guidelines recommend outpatient follow-up post MI within 2-6 weeks [73], though a previous
study has shown lower rates of evidence-based cardiac medication use at 6 months in MI patients
without an outpatient assessment within 30 days [74]. We found that over 80% of patients had outpatient
follow up with a primary care provider within 30 days of an angiography finding significant CAD.
However, in the context of poor continuity of information between providers [75], the hand-off in
responsibility for repeat prescriptions may not be transparent. It is also possible that short prescriptions
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inadvertently indicate to both patients and primary care providers that long-term adherence is
unnecessary.
Some methodological limitations also warrant consideration. Administrative databases evaluate
prescription fills rather than swallowing of pills and cannot account for intentional discontinuation,
assess medications that are not covered by the ODB plan, or evaluate those younger than 65. The design
of the study cannot fully exclude clinical differences between those receiving longer and shorter
prescriptions. However, the consistency in findings across medication classes reduces the likelihood that
the results are biased by unobserved patient-level factors.
In summary, long-term adherence to cardiac secondary prevention medications remains
suboptimal and forcing elderly patients to frequently visit outpatient providers to renew prescriptions
may exacerbate this problem. Thus, although dosage adjustments may occasionally be necessary, the
length of prescription provided for cardiac medications post-angiography may represent a novel
modifiable factor for long-term adherence [76]. A trial would be necessary to provide conclusive
evidence, but our findings suggest that the advantages of a general approach of providing cardiac
medication prescriptions for a longer interval post-discharge may outweigh the potential harms resulting
from over-supply.
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Figure 1: Patient flow diagram of study population

* Assessment of adherence over 540 days includes all patients with a clinical indication for that class of medication.
Assessment of persistence is limited to those who had leftover pills in a medication-class from a prescription prior to the
angiography or those who filled a new prescription for that class within 30 days after the angiography.
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Figure 2. Persistence with secondary prevention medications post angiography

Table 1: Association between days supplied with initial prescription and long-term adherence for
each drug class
Initial prescription length post-angiography
< 31 days
31 to 60 days
> 60 days
Drug cohort
High PDC
OR*
High PDC
OR*
High PDC
OR*
N (%)
N (%)
(95% CI)
N (%)
(95% CI)
6550
640
2.6
4.1
ACE-I/ARB
1
2,314 (89.1%)
(65.8%)
(84.4%)
(2.1, 3.2)
(3.6, 4.7)
N=13305
3074
224
1.8
2.4
BB
1
529 (84.8%)
(62.9%)
(80.9%)
(1.3, 2.5)
(1.9, 3.1)
N=5792
8962
887
2.0
3.0
Statin
1
3,019 (90.5%)
(76.1%)
(87.0%)
(1.7, 2.4)
(2.6, 3.4)
N=16134
OR = Odds ratios; ACE-I/ARB = ACE-inhibitors or angiotensin receptor blockers; BB = beta blockers; PDC = proportion of
days covered
*Odds ratios for high adherence at 540 days are adjusted for significant covariates and use initial prescription length < 31
days as the reference. Since the adherence value for prescriptions < 31 days in length was used as the reference for the other
groups receiving longer prescriptions, by definition the value for the odds ratio for those receiving prescriptions < 31 days is
equal to 1.

*Reprint of Manuscript One (Supplement A)
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Introduction:
Chapter 2 highlighted the strong foundation of evidence supporting the use of secondary
prevention medications in CAD patients. Next, Chapter 3 and the DERLA baseline publication,
outlined barriers to evidence-based secondary prevention medications and confirmed a contemporary
evidence-practice gap with respect to secondary prevention medication use for patients with established
CAD in Ontario [31]. Furthermore, this study demonstrated these gaps exist across all sub-groups of
cardiac patients, thus calling for a generalizable intervention to promote the persistence of cardiac
medications. The DERLA baseline study also identified vulnerable periods post-discharge, when
prescriptions needed to be refilled and could result in premature discontinuation of cardiac medications.
The identified barriers to care in Chapter 3 and the findings in the DERLA baseline study, coupled with
evidence in the literature supporting mechanisms to promote medication adherence as outlined below,
contribute to the next step in the KTA framework; the intervention development for the DERLA STEMI
cRCT. This chapter will finish with the published protocol of the DERLA STEMI cRCT.

Mechanisms to promote long-term medication adherence:
Addressing determinants of adherence to secondary prevention:
There is a need for system-level interventions that address patient-level and provider-level
determinants of behaviours related to secondary prevention, since interventions tailored to known
barriers are more likely to be effective [77]. A possible strategy would be to primarily target the patient
with interventions that improve adherence, as they are the ones who must take tablets, organize refills,
and participate in rehabilitation. Secondary targets for interventions should include community-based
providers (e.g., FPs and pharmacists) as they are the ones responsible for recognizing the risk/indication
for treatment and the prescribing and dispensing of cardiac medications.
10-Feb-2015

40

DERLA STEMI

Schwalm, J-D

Interventions to increase adherence to secondary prevention: evidence from systematic
reviews:
The 2008 Cochrane systematic review of interventions to improve medication adherence,
highlighted the effectiveness of simplified dosing regimens as well as more complex interventions [78].
The latter group targeted more than one patient support systems, including, beliefs, self-efficacy, and/or
memory. In a 2012 systematic review of interventions to improve medication adherence in chronic
disease, benefit of education and behaviour support via telephone or mail post-ACS was noted, but
further study was encouraged [79]. A 2013 systematic review of nurse-led interventions for adherence
to medical recommendations found that interventions with multiple interactions over the course of a year
seemed promising [80] . The 2010 Cochrane systematic review on adherence to statins also concluded
that promising interventions featured multiple reminders to patients [81]. Our team has also conducted a
systematic review of post-event patient automated reminder systems for improving adherence to medical
recommendations among chronic disease [82]. This review indicates that automated reminder systems
can increase adherence rates to medical recommendations, particularly if the following features are
employed: (1) the intervention is delivered after hospital contact, (2) the reminders are repeated, (3)
primary care physicians are included in the reminders, and (4) the reminders must be specific in
reinforcing not only the intended behavior, but also the reasons for taking such action [82].

Reminders to encourage adherence to cardiac secondary prevention therapies:
Based on the systematic reviews described above, we have identified 6 trials that have evaluated
post-event postal reminders sent to the family physician and/or patient for adherence to evidenced-based
cardiovascular therapies, with one in Alberta, Canada (Table 4-1) [83-88]. These trials found absolute
increases in adherence of 0-18%, but were under-powered. Given the proven effectiveness of secondary
prevention medications for reducing morbidity and mortality and the huge burden of CAD in the
population, it is appropriate to plan a study that is adequately powered to detect clinically important
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differences. Based on the findings from the evidence described above, and the fact that these secondary
prevention medications are meant to be taken indefinitely and discontinuation rates increase over time,
testing repeated and delayed reminders directed at the patient and FP needed to be further evaluated.

Table 4-1: Characteristics of studies that evaluated the effect of post-event reminders on
medication adherence in patients with CAD.

Study

Participants

Feder (1999)

328 Patients

BMJ [83]

Britain

Smith (2008)

907 patients
Mean age:
64.9
33% female

Arch Intern
Med [84]

Guthrie
(2001)
Clin Ther[85]

USA
13,100
patients
Mean age: 58
51% female

UK
Munoz (2007) 983 patients
Mean age:
Int J Cardiol
63.9
[87]
26% female

McAlister
(2009)

Spain
480 adults
from 252
practices

CMAJ [86]
Riesen (2008)
Swiss Med
Wkly [88]

Canada
1,128 patients
Mean age: 60
35% female
Switzerland
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Health Event

Admitted
with ACS

ER Visit
(MI)

New
diagnosis of
CAD

ER visits
Myocardial
infarction

Time of
coronary
angiography

Intervention Description

Results

Letter to patient urging
importance of medication
use
Frequency: Multiple
FP Co-intervention: No
Letter to patient reminding
importance of beta-blocker
therapy & risks of nonadherence
Frequency: multiple
FP Co-intervention: no
Reminder postcards &
telephone reminders
Frequency: multiple
FP co-intervention: no

OR 1.7
(95% CI
0.8-3)

Letter advising follow-up
with physician
Frequency: multiple
FP Co-intervention: yes

RR 1.0
(95% CI
0.85-1.19)

Evidence summaries sent to
the FP of patients with
CAD.
Frequency: Single
Patient co-intervention: No
New
Education, reminder
diagnosis
newsletters, telephone
helpline & website
Hypercholest- Frequency: multiple
erolaemia &
FP co-intervention: no
elevated CHD
risk (> 20%)

RR 1.13
(95% CI
1.01-1.26)

RR 1.10
(95% CI
1.02-1.18)

OR 1.18
(95% CI
0.71-1.94)

RR 1.01
(95% CI
0.95-1.07)
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DERLA STEMI Intervention:
The Hamilton General Hospital/Hamilton Health Sciences has an existing registry for all patients
presenting to a Local Health Integrated Network IV (LHIN) healthcare facility with an STEMI. This
registry (SMART–AMI) captures baseline demographics, reperfusion details (thrombolysis and
percutaneous coronary intervention [PCI]), in-hospital medication use, and three-month follow-up of
medications and clinical events. Using this established infrastructure, the protocol for the DERLA
STEMI trial was developed and implemented [5]. DERLA STEMI is a pragmatic, cluster-randomized
controlled trial that has been designed to evaluate the impact of a low-cost and sustainable intervention
to improve the long-term use of secondary preventative medications post-STEMI. All patients from one
health region in Ontario, Canada (LHIN IV) who underwent a coronary angiogram during their
admission for an STEMI and survived their initial hospitalization were included. The intervention
consisted of recurrent, personalized, paper-based educational messages and reminders sent via post on
behalf of the interventional cardiologist to the patient, family physician, and tear-outs for the pharmacist,
urging long-term adherence to secondary prevention medications. The timing of the delivery of the
intervention was based on (1) the Cochrane review suggesting delayed and repeated reminders, (2) the
vulnerable periods post-discharge identified in the DERLA baseline study and (3) the experience from
previous reminder trials described above [31, 81]. The primary outcome was the proportion of patients
who reported, in a phone interview, taking all relevant classes of cardiac medications at twelve months.
This cRCT used blinded outcome assessment. Self-reported measures of adherence were validated
using administrative data for prescriptions filled. This intervention is designed to be easily generalizable
and could be implemented broadly. An embedded process evaluation was also conducted to offer
insights regarding how such an intervention could be optimized in the future.
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Supporting Documents for Chapter 4;
Included in the Appendix are copies of the intervention letters sent to the patient (postcard,
Appendix 4-1 and letter, Appendix 4-2), physician (Appendix 4-3), and tear-out section for the
pharmacist (Appendix 4-4). The copyright transfer is highlighted in Appendix 4-5.
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Abstract
Background
Despite evidence-based recommendations supporting long-term use of cardiac medications in patients
post ST-elevation myocardial infarction, adherence is known to decline over time. Discontinuation of
cardiac medications in such patients is associated with increased mortality.

Methods/design
This is a pragmatic, cluster-randomized controlled trial with blinded outcome assessment and embedded
qualitative process evaluation. Patients from one health region in Ontario, Canada who undergo a
coronary angiogram during their admission for ST-elevation myocardial infarction and who survive their
initial hospitalization will be included. Allocation of eligible patients to intervention or usual care will
take place within one week after the angiogram using a computer-generated random sequence. To avoid
treatment contamination, patients treated by the same family physician will be allocated to the same
study arm. The intervention consists of recurrent, personalized, paper-based educational messages and
reminders sent via post on behalf of the interventional cardiologist to the patient, family physician, and
pharmacist urging long-term adherence to secondary prevention medications. The primary outcome is
the proportion of patients who report in a phone interview taking all relevant classes of cardiac
medications at twelve months. Secondary outcomes to be measured at three and twelve months include
proportions of patients who report: actively taking each cardiac medication class of interest (item-byitem); stopping medications due to side effects; taking one or two or three medication classes
concurrently; a perfect Morisky Medication Adherence Score for cardiac medication compliance; and
having a discussion with their family physician about long-term adherence to cardiac medications. Selfreported measures of adherence will be validated using administrative data for prescriptions filled.

Discussion
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This intervention is designed to be easily generalizable. If effective, it could be implemented broadly. If
it does not change medication utilization, the process evaluation will offer insights regarding how such
an intervention could be optimized in future.

Trial registration
Clinicaltrials.gov NCT01325116

Keywords
Randomized trial, medication adherence, reminders
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Background
Cardiovascular disease burden and the role for long-term pharmacotherapy
Worldwide, cardiovascular disease (CVD) is estimated to be the leading cause of death and disability
[89]. Approximately 50% of myocardial infarctions (MIs) and 70% of CVD deaths occur in patients
who have already documented coronary artery disease (CAD) [19]. Therefore, the prompt identification
of modifiable cardiovascular risk factors and initiation of proven secondary preventative medications
post-MI are essential to the prevention of subsequent cardiac events [4]. Population-level observational
studies provide evidence that the rate of cardiovascular morbidity and mortality has been decreased
through the use evidence-based therapies [16, 20].

ST-segment elevation myocardial infarction (STEMI) is a common presentation of acute myocardial
infarction (AMI) constituting approximately 30% of all cases [2]. Post-STEMI, patients are at high risk
for subsequent cardiac events—18% of men and 35% of women will have a repeat MI within six years
and STEMI patients have four to six times the risk of sudden cardiac death compared to the general
population [90]. While acute treatment is crucial for STEMI patients, relevant guidelines emphasize that
the initiation and long-term maintenance of evidence-based secondary preventative therapies are
essential for reducing the overall burden of CVD [4, 21, 91].

Poor long-term adherence to cardiac medications
While there is a significant body of evidence supporting these guidelines (Figure 1), there remains a
large gap between ideal and actual care with regard to the long-term management of cardiovascular risk
for these patients. Studies show that adherence to evidence-based therapies begins decreasing at 30 days
and falls to as low as 50% adherence at six months post-discharge [5, 7, 29, 31, 81]. Unfortunately,
discontinuation of evidence-based therapies has repeatedly been shown to be associated with increased
mortality in patients with CAD [6, 8, 92-93].

10-Feb-2015

48

DERLA STEMI
Schwalm, J-D
Medication non-adherence is increasingly recognized as a very important issue due to its significant
health consequences [94, 95]. Many reasons for non-adherence have been proposed and these can
generally be categorized as provider-level (e.g., knowledge, motivation, time), patient-level (e.g.,
knowledge, motivation, finances [33]), and system-level (e.g., access to care, coordination of care).
Furthermore, both ethnicity [96, 97] and socio-economic status [98] seem to be related to quality of care
for cardiovascular disease, even in countries with universal healthcare like Canada and the United
Kingdom (UK), and non-adherence related to such factors may not be readily impacted with quality
improvement interventions.

Fortunately, the evidence suggests that many of the key factors contributing to cardiac medication nonadherence may be amenable to intervention. Discontinuation of evidence-based cardiac medicines postSTEMI is rarely due to an active, informed choice after discussion of risks and benefits between patient
and health-care-provider; absolute contraindications are rare and side effects are infrequently reported
by patients as the primary reason for discontinuation (less than 4% of patients) [39, 43]. In contrast to
situations where informed decisions are made to deviate from standard treatment protocols, qualitative
work in primary care has found that poor adherence may be frequently due to fragmented systems of
care [35] or communication problems at the interface between secondary and primary care [36]. A
recent study in Canada has highlighted the risk related to transitions in care; it appears that
hospitalizations increase the risk for inadvertent discontinuation of cardiac medications [37].
The provider also can have an impact; having a cardiologist involved in the patient’s care may increase
rates of appropriate medication adherence [38]. However, there is undesirable variation among
prescription rates by specialists as well. In one study of cardiologists, the most common reason given for
not prescribing secondary prevention medications was, ‘not high-enough risk’ [39]. However, in that
study, risk scores of patients not treated for this reason were often higher than those of patients
prescribed such treatment. Meanwhile, the same study found that approximately one-third of patients
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had stopped their medication without instruction from their doctor. This indicates a potential role for
multi-pronged interventions addressing both the provider and the patient.

Previous research aiming to improve adherence
Numerous systematic reviews have been published regarding interventions to improve adherence to
medications. An overview of reviews found that no patient-mediated interventions were effective across
all diseases, but found that the most promising interventions included self-management, simplified
dosing, and involvement of pharmacists [99]. A review focusing on anti-depressants found that patient
education alone was ineffective [100], and a review focusing on anti-epileptics found that patient
education was inconsistent, while interventions with multiple reminders featuring action planning were
more often effective [101]. Recognizing that non-adherence tends to worsen over time, a recent
Cochrane review recommended testing a delayed intervention as opposed to the immediate reminders
used in similar previous trials [10], as one would expect a larger effect size in a delayed intervention.

One previous trial has shown that brief evidence summaries regarding medications attached to discharge
letters sent to primary care providers resulted in improved adherence [102]. Three other trials have
evaluated the role of reminder letters to the primary care provider (with or without patient reminders) to
improve adherence to evidenced-based cardiovascular therapies: one in the USA, one in the UK, and
one in Canada [83, 84, 86]. The American trial focused on beta-blocker use post-MI and found a small
increase in compliance (proportion of days covered), with a number needed to treat of 16 for achieving
high adherence, but no change in the proportion who discontinued their beta-blocker. The other two
trials focused on statin use in patients with known CAD. These trials found absolute increases in
adherence of 9% to 10% in statin use, but despite this being a potentially important effect size on a
population basis, both were under-powered for effects this size.

Objectives
10-Feb-2015

50

DERLA STEMI
Schwalm, J-D
The overarching goal of this project is to improve long-term use of secondary prevention medications
for patients with CAD, and thereby reduce cardiovascular events through the use of an easily
generalizable and sustainable intervention. The primary objective of this study is to assess if repeated
mailing of an educational message and reminder to the family physician and the patient will decrease the
proportion of patients who discontinue evidence-based secondary-prevention medications at twelve
months post-STEMI. A secondary objective is to encourage cardiac patients and their primary care
providers to discuss the benefits of long-term adherence to cardiac medications.

Methods/design
Study design
DERLA-STEMI is a pragmatic, cluster-randomised controlled trial, with blinded outcome-assessment,
and is registered with clinicaltrials.gov (NCT01325116).

Participants and Setting
In Ontario, healthcare is financed through a single-payer (publicly administered) system. There are no
co-payments for visits to generalist of specialist physicians or for care provided in hospitals for patients
of any age, and almost all licensed prescription medications are covered for patients 65 and over.
Patients younger than 65 years pay for medications out-of-pocket or through private insurance plans, or
are covered by the provincial plan if they qualify for social support.

In this study, eligible patients are adult patients (>18 years) with a diagnosis of STEMI, who undergo a
coronary angiography procedure (with or without angioplasty), at the Heart Investigation Unit (HIU) in
Hamilton, Ontario, and who are alive at hospital discharge. In keeping with the pragmatic approach to
study design, no other exclusion criteria will be applied. The HIU is the only catheterization lab in its
region, with a catchment population of almost 1.5 million people. More than 700 STEMI patients
undergo an angiogram there each year. Studies at the HIU have highlighted excellent rates of prescribing
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of evidence-based therapies at discharge post-STEMI, but substantial reduction in use starting three
months following discharge [103, 104]. While 78% of STEMI patients leave the HIU taking a statin, an
ACE-inhibitor (or ARB), a beta-blocker, and aspirin, by 90 days the proportion still taking all four of
these medication classes falls to 63% (unpublished data from the Strategic Management of Acute
Reperfusion and Therapies in Acute Myocardial Infarction (SMART-AMI) study).

Intervention
The intervention was developed in concert with clinical experts from both primary care and cardiology,
as well as experts in knowledge translation and medical decision-making. Personalized letters sent via
post to the patient and their family physician at one, five, eight, and eleven months after their
angiogram, signed by the interventional cardiologist (see Appendix A for prototype). The letter for the
family physician names the patient and provides brief evidence in support of long-term medication use
for these patients. This was reviewed with a series of family physicians from a different area of the
province.

The patient letter provides a review of the importance and role of each of the cardiac medications and
urges short- and long-term adherence (see Appendix B for prototype). This educational aspect is
designed to address knowledge and beliefs about medication use as a potential cause of poor adherence.
The intervention explicitly encourages discussion of medication adherence with the family physician by
asking patients to bring the letter to their family physician. It also asks patients to deliver the final page
of their letter to their pharmacist; this page is written to the pharmacist urging them to participate in
promoting long-term adherence. The intention is to facilitate recurrent discussions with primary care
providers that emphasize long-term adherence and to address coordination of care and continuity of
information as barriers to medication persistence. This letter was developed with iterative evaluations of
understanding and acceptability amongst a series of cardiology patients at the HIU. The language in the
patient letter is simplified to a grade six-level.
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The timing of the intervention was specifically chosen based on the preliminary data obtained from the
SMART-AMI trial demonstrating suboptimal rates at 90 days. Furthermore, literature (referenced
above) demonstrates that adherence starts decreasing by thirty days and continues to decrease in an
almost linear fashion. Finally, the common practice in Ontario is for pharmacists to dispense
medications for no more than three months at a time (regardless of duration of the prescription ordered
by the physician). Therefore, we decided to deliver the intervention at regular intervals (1, 5, 8, and 11
months post-STEMI) corresponding to the likely time periods prior to patients requiring a prescription
renewal/refill. In pilot testing the intervention with family physicians and patients, we determined that
sending the full letter too frequently would be undesirable and that the physicians in particular did not
want to have monthly reminders. At the same time, close examination of data from Ontario indicated
large stepwise declines in adherence at 30 and 60 days post-STEMI. To address this, patients will be
provided an additional postcard type reminder two months post-STEMI (see Appendix C).
In summary, the unique aspects of the intervention compared to usual care include the following: the
letter to the primary care provider is personalized and includes a summary of the evidence in support of
long-term adherence and represents a recurrent form of contact between the cardiologist and the primary
care provider; the letter to the patient use clear language suitable for a broad range of health literacy
levels and was iteratively refined with input from patients in the target population, features content that
attempts to address adherence-related beliefs, and provides explicit, actionable instructions to discuss the
matter with the family physician as well as a summary to be given to the outpatient pharmacist to
facilitate coordination of renewals.

Comparator/usual care
Usual care in this context may include some contact between the admitting physician (generally not the
interventional cardiologist) for the STEMI patient and the primary care provider (generally the family
physician). This is usually in the form of a standard discharge summary mailed to the family physician’s
10-Feb-2015

53

DERLA STEMI
Schwalm, J-D
office at the end of the hospitalization. The quality of such discharge summaries varies widely even
within the same institution (and summaries frequently lack necessary information regarding
medications) [75]. In keeping with the pragmatic nature of the trial, no attempt will be made to
standardize the usual care arm [105].

Allocation
The randomization schedule was computer-generated by a statistician independent of the study, using a
permuted block design with randomly varying block lengths of four, six, or eight. Eligible patients are
randomly allocated to one of the two treatment arms. Although enrolment of more than one patient
treated by a particular family physician is expected to occur infrequently, randomization will be carried
out to ensure that, once a patient from any family physician is randomized, all future patients seen by
that family physician will automatically be assigned to the same arm. This is necessary to avoid
contamination (with one family physician having patients in different intervention arms). Roughly onehalf of patients will be allocated to each study arm (the actual allocation ratio will depend on the size of
the clusters). Based on pilot data, we anticipate that approximately 10% to 15% of patients will not have
a family physician. In keeping with the pragmatic design of the trial, a patient without a family
physician will be included (receiving only the patient-level intervention).

Randomization is delayed by one week (after the angiogram) to permit time to identify and exclude
patients with in-hospital death. Randomization will continue until the target sample size is achieved. The
anticipated duration of enrolment is 15 months. The allocation sequence will be concealed from the
investigators and outcome assessors; only the study coordinator who will be sending out the letters will
have access to the un-blinded allocation list.

Outcomes
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The primary outcome is the proportion of living patients who describe taking all cardiac medication
classes of interest measured at twelve months. This type of ‘all-or-none’ measure has been
recommended for evaluating quality improvement interventions, especially related to medication
utilization [106]. Specifically, we will assess whether patients are taking a statin, beta-blocker,
angiotensin modifier (ACE or ARB), and aspirin at twelve months. All STEMI patients have reasonable
evidence supporting these medications [4]; we anticipate that randomization will balance those patients
for whom evidence is less clear or who might have contraindications to any of these medications.

We will also assess whether patients are taking these four medication classes plus a secondary
antiplatelet (clopidogrel, prasugrel, or ticagrelor) at three months. Therefore, patients at three months
will be dichotomized as to whether or not they are taking all five cardiac medication classes, and at
twelve months they will be dichotomized according to whether they are taking all four relevant
medication classes. The difference in the number of medication classes considered at three and twelve
months relates to uncertainty in the evidence regarding the appropriateness of a secondary antiplatelet at
this timeframe. Additional secondary outcomes include a comparison of: the proportion of patients who
report actively taking each cardiac medication class of interest (item-by-item) at three and twelve
months; the proportion of patients who report stopping medications due to side effects at three and
twelve months; the proportion taking one or two or three medication classes concurrently at three and
twelve months; and the proportion of patients with a perfect Morisky Medication Adherence Score
(MMAS) for cardiac medication compliance at three and twelve months. The MMAS is a brief,
standardized adherence questionnaire which excellent reliability [107], and has been shown to be
predictive of cardiovascular medication adherence [108] and to be associated with control of blood
pressure and cholesterol [107, 109]. In addition, all patients will be asked at three months and twelve
months whether they had a discussion with their family physician during past three months in which the
provider had encouraged long-term cardiac medication compliance.
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Data collection
Baseline patient characteristics will be obtained from standard patient-registry information at the HIU.
This includes demographic information, comorbidities, and the findings at the time of angiography.

Outcomes will be assessed 3 and 12 months post-index angiogram through patient phone calls by a
research coordinator associated with the HIU who will be trained expressly for this function. The
research coordinator conducting the phone calls will not have access to the allocation list. The calls are
made on behalf of the treating cardiologist at the HIU, and all patients will be encouraged to review
cardio-protective meds with their family physician. The phone call follow-ups will ask patients to list
their current, daily medications (and doses) without specific prompting in order to reduce bias. Attempts
will be made to contact patients for a maximum of 30 days prior to being considered lost-to-follow-up.
Reasons for loss-to-follow-up will be tracked.

For a sample of patients aged 65 and older, the Ontario Drug Benefit database will be used to examine
the accuracy of the self-reported primary outcome and to further evaluate adherence using the
medication possession ratio over the preceding year, which has been shown to be associated with both
pill counts and clinical effects [110].

Ethical considerations
Research Ethics Board (REB) approval was received at Hamilton Health Sciences Centre and McMaster
University (project number 11-191). Given the low risk nature of the intervention, which falls within the
realm of continuity-of-care and circle-of-care, the REB agreed that verbal consent at the time of
outcome assessment is the most appropriate design to test this pragmatic intervention. Thus, there is no
formal recruitment process; as mentioned above, all eligible patients within the registry at the HIU are
allocated to intervention or control one-week post-STEMI. To gain REB approval, we agreed to provide
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a note to the family physician of all included patients describing the patient-reported outcomes (e.g.,
current medications and adherence) at the end of the trial.

Data management
All patient data will be collected directly into a password-protected database and will not be removed
from the server at the HIU research office. Necessary information for contacting the participants (e.g.,
name, phone number) will be kept in a separate, password-protected file from the study data, which will
have no patient identifiers. The outcome data (without any identifiers) will be transferred from the
database into a statistical package for analysis.

Analysis
Descriptive statistics will be calculated for all variables of interest: continuous variables with a normal
distribution will be summarized using means and standard deviations (medians and inter-quartile ranges
in the case of skewed distributions), whereas categorical variables will be summarized using frequencies
and proportions.

We hypothesize that the intervention will result in a greater proportion of patients who report taking
each cardiovascular medication class of interest at 12 months post-angiography. The absolute difference
in proportions will be calculated for all primary and secondary dichotomous outcomes, together with
95% confidence intervals adjusting for clustering by family physician [111]. The statistical significance
of differences between arms will be evaluated using chi-squared tests, adjusted for clustering by family
physician.

Exploratory multivariable analyses will be carried out using generalized estimating equations (GEE) to
identify potential baseline predictors of adherence. Potential effect modification by treatment—medical
management versus coronary artery bypass graft (CABG) versus angioplasty—and attendance at cardiac
rehabilitation will be explored by including interactions between these two variables and treatment. It is
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plausible that this analysis will suggest a need for tailored interventions for these subgroups. A further
exploratory analysis will be conducted focusing on patients who reported taking all five cardiac
medication classes and had perfect MMAS scores at three months using a multivariable model to
examine covariates predicting late-onset discontinuation. In addition, a planned sensitivity analysis will
exclude those patients who did not have a family physician, as we would expect such patients to be more
likely to discontinue their cardiac medications.

Analyses will be performed on an intention-to-treat basis. No interim analyses are planned. All analyses
will be carried out using the SAS Version 9.2 statistical program (SAS Institute, Cary, NC, USA).

Sample size
The sample size for this design is based on the following assumptions: an assumed absolute increase in
the proportion of patients taking all four cardiovascular medication classes of 11% at twelve months
post-STEMI; an estimated control group proportion of 50%, and a variance inflation factor of 1.02
(derived from an intra-cluster correlation coefficient of 0.019 calculated from data in the SMART-AMI
registry and assuming an average cluster size of 1.2 based on pilot data). To achieve 80% power to
detect a significant main effect of the intervention using a Chi-squared test at the 5% level of
significance, 652 patients would be required. We will randomize 815 patients to account for an
estimated participation rate of 80% at the 12-month follow-up. This dropout rate is conservative based
on similar studies at the HIU where the participation rate has been greater than 90% over even longer
time periods [104].

The expected effect size is slightly higher than the effect seen in the previous Canadian trial to account
for the fact that the intervention is multifaceted (directed at both physician and patient) and occurring
later post-STEMI (reducing the expected control group rate and therefore the possibility of a ceiling
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effect). Based on this sample size calculation, and the rate of STEMI patients presenting to the HIU, we
anticipate that it will take approximately 15 months to complete the recruitment for this study.

We will use a kappa statistic to assess agreement between the self-report of the primary outcome and the
corresponding objective data from the Ontario Drug Benefit database. Based on an anticipated overall
proportion of 56% at 12 months (average of intervention and control arm) and an anticipated kappa of
0.88, we would consider acceptable agreement if the lower limit of the 95% confidence interval around
kappa does not drop below 0.80. Therefore we will evaluate validity of the primary outcome in a
random selection of 138 patients aged 65 or greater.

Process evaluation—optimizing the intervention
A random sample of participating patients will be asked a series of additional, structured questions at the
time of outcome assessment 90 days post-STEMI. Specifically, a 20% random selection of patients who
received the intervention will be sampled, equating to approximately 80 patients. In addition, all family
physicians in the intervention group will be mailed a one-page questionnaire along with the second
iteration of the provider letter (month five post-STEMI). A response rate of only 15% will allow us to
get feedback from about 50 family physicians. The questionnaires to both patient and provider assess
acceptability of the intervention and the reasons for any (lack of) action taken (See Appendix D for
patient process evaluation questionnaire and Appendix E for provider process evaluation questionnaire).
The answers to these questionnaires will be summarized descriptively and used to inform future
iterations of the intervention.

We also plan to conduct focus groups with both patients and providers to better understand both why the
intervention did (or did not) work and how it might be optimized. Participants for these focus groups
will be purposively recruited based on the responses to the questionnaires. We plan to conduct one or
two focus groups of six to eight patients and one focus group of four to six physicians, each group
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lasting about one hour occurring at the HIU. These focus groups will follow a semi-structured guide that
will be informed by the issues identified in the questionnaires. The overarching goal of the focus groups
will be to compare and contrast various designs and approaches of sending reminders to decrease the
risk of inappropriate medication discontinuation. To this end, a variety of reminder designs will be
handed out among the focus group participants to encourage discussion (similar to how marketing firms
traditionally have used focus groups). Physician participants will be provided with $75 (and
refreshments). Patient participants will be offered a $25 gift certificate (and refreshments) as
remuneration for attending the focus group. The sessions will be recorded and transcribed verbatim.

Discussion
Discontinuation of cardiac medications post-STEMI occurs due to patient, provider, and system-level
factors and has important consequences for the patient. This two-arm, pragmatic, cluster-randomized
controlled trial will test whether mailed reminder letters sent from the interventional cardiologist to the
patient and their family physician can successfully increase adherence. Even if the trial does not show a
significant effect on medication discontinuation, the embedded process evaluation will provide helpful
information for planning future interventions aiming to address this important issue.

Limitations
Although our overall goal is to improve adherence to medications, it is important to note that our
primary outcome evaluates discontinuation (or ‘persistence’). This represents the most extreme form of
non-adherence. The allocation is clustered at the level of the family physician to limit contamination, but
it was deemed not feasible to do the same with pharmacists. Although the tear-away page in the patient
letter for pharmacists could theoretically bias toward a null finding if pharmacists transfer their learning
from one patient to another, we considered this risk to be small in comparison to the potential benefit of
facilitating interactions with these key primary care providers.
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It is important to note that this trial will not be able to discern the relative importance of intervention at
patient versus family physician level. A larger sample size would be preferable to provide an
opportunity to test multiple ways of designing and delivering this type of intervention within a single
trial. In the case of a positive effect, the pragmatic approach utilized will not allow for inferences
regarding the ‘most important’ active ingredients in the intervention. We intend to explore these issues
through the process evaluation. The questionnaires developed for the process evaluation are not
independently validated for assessing acceptability and usability of the reminder intervention. However,
they will be evaluated qualitatively to inform iterative improvements to the program after the trial is
completed, and will allow us to identify interested participants for focus groups.

Although the research coordinator conducting the outcome assessment will be blinded to allocation, it is
possible that some patients will discuss receiving the intervention with the coordinator. Another
important caveat is that we will be using patient self-report for main outcome measurements—an
approach which has previously been used in a similar trial [86]. We are planning to evaluate the validity
of self-report data in our study by comparing patient reported medication use (including the MMAS)
with data recorded in administrative databases for a subsample of participants above age 65 (for whom
data are accessible using the Ontario Drug Database). Through these administrative databases, we can
also pursue proxy measures for adherence (rather than strictly discontinuation) by assessing the
medication possession ratio.

Implications
Given the proven effectiveness of secondary prevention medications for reducing morbidity and
mortality and the high risk for poor outcomes in the post-STEMI population, we believe it is appropriate
to power this trial to show relatively small increases in adherence. Although we would hesitate to
extrapolate the findings of this study without further research, we believe it is important for quality
improvement trials measuring process outcomes such as adherence to consider the potential for patient10-Feb-2015
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relevant outcomes. To illustrate, consider the systematic review of RCTs of statin-therapy, which found
a number needed to treat (NNT) of 86 to reduce mortality in patients with CAD [112]. We estimate that
the NNT for avoiding statin discontinuation with the reminder interventions tested in this trial is
approximately 10. If this were the case, then the NNT for the reminder interventions to prevent a single
mortality would be 860. In fact, the number might be lower than this since the intervention may also
increase utilization of the other cardiac medications known to reduce mortality. Given the low-cost, lowrisk nature of the intervention in this trial, we believe that NNTs of this size merit further study for
potential population-wide implementation.

Summary
The major strengths of this trial are the pragmatic nature of the intervention the study design. The trial is
well powered and designed specifically to improve health services for a common problem in patients at
high risk of cardiovascular events. Many quality improvement trials embark upon highly sophisticated
and expensive interventions; even if successful, sustainability of such interventions beyond the trial
period proves challenging. Conversely, the DERLA-STEMI intervention would be easily testable in
other healthcare settings and for other conditions where long-term adherence is suboptimal. We believe
this study will demonstrate the feasibility, acceptability, and (hopefully) the effectiveness of a
sustainable and generalizable quality improvement intervention for STEMI patients.
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Introduction:
In the last chapter, we outlined the development of an intervention designed to promote the use
of evidence-based secondary prevention cardiac medications post-STEMI. The next stage in the KTA
framework requires the evaluation of the KT intervention [11]. The protocol for this study was
described in Chapter 4 and the full study with results will be highlighted in this chapter. This chapter
includes the manuscript for the completed DERLA STEMI cRCT that will be submitted for publication
in a peer reviewed journal. However, the manuscript in its current form is too long and will need to be
truncated prior to submission. We have left the manuscript at this length to be more inclusive with
respect to the methods, analyses, and discussion, for the purposes of this thesis submission.

The DERLA STEMI trial:
The DERLA STEMI trial is a pragmatic cRCT, which included all STEMI patients from one
health region in Ontario who underwent an angiogram between September 2011 and December 2012
and survived to discharge. Over 850 participants were recruited during the study period and there was >
85% follow-up at 12 months.

Design and Analysis of the DERLA STEMI cRCT:
The DERLA STEMI trial was designed as a cluster RCT. A cluster design was felt to be most
appropriate in order to reduce contamination. During the development of the study design, concerns
were raised regarding the involvement of FPs with more than one patient in the study. For instance, if
one patient was enrolled in the intervention arm of the study, then both the patient and their FP would
receive the reminders promoting long-term use of cardiac secondary prevention medications. These
reminders could then influence the behavior of the FP as she manages other patients in her practice,
particularly if she is managing a participant in the control arm [113]. Given the pragmatic nature of this
study, patients without a FP were still enrolled and counted as each their own cluster. In these cases,
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reminders were only sent to the patient, with tear-outs for their pharmacist. There were 572 clusters
with a mean size of 1.8, with 106 of these clusters had patients (18.5%) who did not have a FP. The
identified cluster size and patients without a FP were higher than the estimates as described in the study
protocol (chapter 4) [13].
The DERLA STEMI manuscript outlines an analytic plan for the primary outcome that is
different from what is described in the published protocol [13]. In the published protocol, the primary
outcome was described as the absolute difference in the proportion of patients between the two groups
that were taking 4 of 4 medications at 12 months. Chi squared analysis, adjusting for clustering by FP
was to be used to test statistical significance. However, in the final manuscript (chapter 5), outcomes at
discharge, 3 months, and 12 months were analyzed using hierarchical logistic regression analyses
accounting for clustering by family physician and correlations due to repeated measures on the same
patient over time. Time (measured as a categorical variable), the interaction between group and time,
and pre-specified baseline covariates, were all included as fixed effects, while the family physician and
the patient were specified as random effects. For hierarchical models that yielded negative variance
estimates for the family physician random effects, the intra-cluster correlation coefficient (ICC) was
assumed to be 0, and models were re-estimated using Generalized Estimating Equations (GEE)
accounting for correlation in repeated measures on the same patient using an unstructured correlation
matrix [114]. This analysis was felt to be more appropriate than that described in the design protocol, as
we needed to account for the repeated measures (medications were collected at discharge, 3 months and
at 12 months). The pre-specified baselines covariates were also included in the model, regardless of
significance, as they were felt, a priori, to clinically impact medication use at 12 months (see
explanation in manuscript-Methods).
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Summary of Results:
The results of the DERLA STEMI trial suggest suboptimal adherence to all 4 of 4 cardiac
medication classes at 12-months. There was no significant difference compared to usual care in the use
of guideline-recommended medications post-STEMI when participants (and their family physicians)
receive repeated postal reminders. However, there was a statistically significant increase in medication
adherence using the Morisky Medication Adherence Score (MMAS), as a predefined secondary outcome
[107].
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Abstract:
Background: Discontinuation of guideline-recommended cardiac medications post-ST-elevation
myocardial infarction (STEMI) is common and associated with increased mortality.
Objectives: To test an automated, scalable intervention to improve long-term adherence to cardiac
medications post-STEMI.
Design: Pragmatic, cluster-randomized controlled trial.
Participants: All STEMI patients from one health region in Ontario who underwent an angiogram
between September 2011 and December 2012 and survived to discharge.
Intervention group: The intervention was an automated system that sends recurrent, personalized,
educational reminders to the patient, their family physician, and their pharmacist urging long-term use of
secondary prevention medications. Interventions were sent via regular mail at 1, 2 (patient only), 5, 8,
and 11-months post-discharge. Reminders were tailored for each type of recipient (patient, family
physician, or pharmacist); patient reminders used plain language and were refined via iterative usability
testing to ensure comprehension.
Control group: No reminders above and beyond usual care were sent to the control group.
Randomization: Eligible participants were randomly allocated to intervention or usual care one week
after the angiogram to permit time to identify and exclude patients with early in-hospital death. Once a
patient from any family physician was randomized, all future participants seen by that family physician
were automatically assigned to the same study arm.
Main Outcome Measure: Proportion taking all 4 guideline-recommended classes of cardiac
medications (acetylsalicylic acid, angiotensin blockers, statin, and beta-blocker) at one year. Outcome

10-Feb-2015

69

DERLA STEMI
Schwalm, J-D
assessors were blind to group assignment. Logistic regression analysis, accounting for clustering by
family physician and for repeated measures of the outcome at discharge, 3-months, and 1-year was used.
Results: 852 eligible participants were randomized to intervention (n=424, 287 clusters) and control
(n=428, 295 clusters) (mean cluster size 1.8, variance 0.91); 85% in the intervention arm and 89% in the
control arm completed 12-month follow-up. The proportions taking 4/4 medication classes at discharge
were 73.6% and 75.5% in intervention and control arms, respectively. At 12 months, proportions were
58.4% and 58.9% in the intervention and control group, respectively, (adjusted OR 1.03, 95% CI 0.771.36). The process evaluation revealed that 51% of participants remembered receiving the intervention,
and of these 52% discussed it with their health care provider. Participants reported that discontinuation
of medication was most commonly at the direction of the internist/cardiologist (8.5%), and due to
medication-related side-effects (8.1%).
Conclusion: The results suggest suboptimal persistence to all 4 of 4 cardiac medication classes at 12months. There was no significant difference compared to usual care in the use of guidelinerecommended medications post-STEMI when participants (and their family physicians) receive repeated
postal reminders.
Trial Registration: clinicaltrials.gov (NCT01325116)
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Introduction:
ST-segment elevation myocardial infarction (STEMI) is a common presentation of acute
coronary syndromes, constituting approximately 30% of all cases [2]. Post-STEMI, patients are at high
risk for subsequent cardiac events (18% of men and 35% of women will have a repeat MI within six
years) [90]. International guidelines emphasize the initiation and long-term maintenance of evidencebased secondary preventative therapies [21, 23,91]. Despite strong evidence supporting these guidelines,
studies show that adherence to evidence-based cardiac therapies begins decreasing at 30 days and falls
to as low as 50% adherence at six months post-discharge [5, 7, 12, 29, 31, 81]. Unfortunately,
discontinuation of evidence-based therapies is associated with increased mortality in patients with
coronary artery disease (CAD) [6, 8, 9, 25].
A study conducted by the authors identified the current Ontario trends in adherence to cardiac
medications and factors associated with adherence to cardiac secondary prevention medications in
patients in whom CAD was evident during angiography [12]. This study demonstrated four significant
findings. First, there is poor persistence of cardiac medications in patients with identified CAD on
angiography in the province of Ontario. Despite all patients having a class IA indication for the selected
classes of medications (beta blockers, statins, and ACEI/ARB), and all patients having full medication
coverage for financial costs (all patients ≥ 65 years old), medication use steadily declined to
approximately 60% by 18 months post-coronary angiogram [12]. Second, poor adherence was
consistent across all subgroups of patients, highlighting the need for broad, population-based
interventions to promote persistence of cardiac secondary prevention medications. Third, there are
vulnerable periods at the time of prescription refills in which premature medication discontinuation may
occur. Finally, it was found that the length of the initial prescription for a cardiac medication was the
biggest predictor for medication persistence at follow-up [12].
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Numerous studies have been published regarding interventions to improve adherence to
medications. One previous trial has shown that brief evidence summaries regarding medications,
attached to discharge letters sent to primary care providers resulted in improved adherence [102]. Two
trials evaluated the role of reminder letters to the primary care provider (with or without patient
reminders) to improve adherence to evidenced-based cardiovascular therapies [83, 86] demonstrating an
absolute increase in medication use of 9-10%, but were underpowered for effects of that size. One trial
demonstrated improved adherence, but not persistance to beta-blocker therapy post-MI with 2 reminders
sent to the patient [84]. Recognizing that non-adherence tends to worsen over time, a recent Cochrane
review recommended testing a delayed intervention as opposed to the immediate reminders used in
similar previous trials, as one would expect a larger effect size in a delayed intervention [10]. Therefore,
DERLA-STEMI was designed to evaluate the effects of delayed and repeated educational reminders on
the proportion of participants who discontinue evidence-based secondary-prevention medications.
Methods:
Study Design:
DERLA-STEMI is a pragmatic, cluster-randomized controlled trial (cRCT), conducted at a
single tertiary care centre that services 22 hospital sites in one health region (population: 1.5 million) in
Ontario, Canada. Details of the study protocol have been previously published [13].
Participants and Setting:
Eligible participants included adult participants with a diagnosis of STEMI, who underwent a
coronary angiography procedure, with or without percutaneous coronary intervention (PCI) and who
were discharged alive.
Intervention:
The intervention was developed in concert with clinical experts from both primary care and
cardiology as well as experts in knowledge translation and medical decision-making. It consisted of
personalized letters sent via the post to the patient and their family physician at one, five, eight, and
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eleven months after their angiogram, signed by an interventional cardiologist on behalf of all invasive
and interventional cardiologists from the PCI centre. The patient letter provided a review of the
importance and role of each evidence-based cardiac medication and urged long-term adherence
(Appendix 4-2). The intervention explicitly encouraged discussion of medication adherence with the
family physician by asking participants to take the letter to their family physician. It also asked
participants to take the final page of their letter to their pharmacist; this page urged pharmacists to
participate in promoting long-term adherence. A brief reminder postcard was also mailed to the patient
at 2 months (Appendix 4-1). The language was simplified to a grade 6 level and the intervention was
developed iteratively to ensure understanding and acceptability amongst a series of cardiac care
inpatients. The letter for the family physician identified the patient and provided brief evidence in
support of long-term medication use (Appendix 4-3). This was refined based on discussions with family
physicians from a different area of the province.
The timing of the intervention was specifically chosen based on data indicating that adherence
starts decreasing by thirty days and continues to decrease in an almost linear fashion [12]. Finally, the
common practice in Ontario is for pharmacists to dispense medications for no more than 3 months at a
time (regardless of duration of the prescription ordered by the physician). Therefore, we decided to
deliver the intervention at regular intervals (1, 2, 5, 8, and 11 months post-STEMI) corresponding to the
likely time periods prior to participants requiring a prescription renewal/refill.
Control / Usual care:
The control group did not receive any intervention. In keeping with the pragmatic nature of the
trial, no attempt was made to standardize the usual care arm.
Outcomes:
The primary outcome was the proportion of living participants who describe taking a statin, betablocker (BB), angiotensin blocker (ACEI or ARB), and ASA (acetylsalicylic acid) at 12 months (4 of 4
medication classes). We also assessed whether participants were taking these four medication classes
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plus a secondary antiplatelet (clopidogrel, prasugrel, or ticagrelor) at three months (5 of 5 medication
classes). Additional secondary outcomes included a comparison of (1) the proportion of participants who
report actively taking each cardiac medication class of interest (item-by-item) at three and twelve
months; (2) proportion of participants taking high dose statins at three and twelve months; (3) the
proportion taking three medication classes concurrently at three and twelve months (3 of 4 medication
classes); (4) the proportion of participants who report stopping medications due to side effects at three
months; (5) the proportion of participants with a perfect Morisky Medication Adherence Score (MMAS)
for cardiac medication adherence at three months [107], and (6) whether participants had discussed their
medications with their family physician or specialist in the first three months following hospital
discharge.
Baseline patient characteristics were obtained from standard patient-registry information.
Outcomes were assessed through structured phone calls to the participant by a blinded research
coordinator, following a previously published approach [115].
Sample Size:
The sample size required for this trial was 815 participants to achieve 80% power to detect a
difference at the 5% significance level between intervention and control arms at 12 months, assuming:
80% follow-up, an absolute increase in the proportion of participants taking all four cardiovascular
medication classes of 11%; an estimated control group proportion of 50%, and a variance inflation factor
of 1.02. The variance inflation factor assumed an intra-cluster correlation coefficient of 0.019, calculated
from data in the hospital registry and an average cluster size of 1.2, based on pilot data [13].
Descriptive data, was reviewed at 3 months as part of an ongoing STEMI registry that was previously
underway [116].
Allocation and Blinding:
The randomization schedule was computer-generated, using a permuted block design with
randomly varying block lengths of 4, 6 or 8. Eligible participants were randomly allocated 1:1 to
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intervention or control. Randomization was carried out to ensure that, once a patient from any family
physician was randomized, all future participants seen by that family physician were automatically
assigned to the same arm to avoid contamination (with individual family physicians having participants
in different arms of the study). Participants without a family physician at the time of randomization
were enrolled and evaluated as each their own cluster. Randomization was delayed by one week (after
the index angiogram) to permit time to identify and exclude patients with early in-hospital death.
Randomization continued until the target sample size was achieved. The allocation sequence (individual
participants and clusters) was concealed from the investigators and outcome assessors; only the study
coordinator who sent out the letters had access to the un-blinded allocation list.
Ethics:
Local Research Ethics Board (REB) approval was received (#11-191). Given the low risk nature
of the intervention, which falls within the realm of continuity-of-care and circle-of-care, the REB agreed
that verbal consent at the time of outcome assessment was the most appropriate design to test this
pragmatic intervention.
Statistical Analysis:
Baseline characteristics for participants in the intervention and control arms were described using
means and standard deviations, or frequencies and percentages as appropriate. Outcomes at discharge, 3
months, and 12 months were analyzed using hierarchical logistic regression analyses accounting for
clustering by family physician and correlations due to repeated measures on the same patient over time.
Time (measured as a categorical variable), and the interaction between group and time were included as
fixed effects, while the family physician and the patient were specified as random effects. The
intervention effect was estimated as adjusted odds ratios with 95% confidence intervals. The following
pre-specified baseline covariates were included as fixed effects: age<65 years; history of CAD; history
of diabetes; medications prior to admission that includes ASA, any secondary antiplatelets (clopidogrel
or other antiplatelets), ACEI/ARB, BB, and statins; in hospital blood transfusion; renal insufficiency,
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defined as Creatinine Clearance ≤ 60 ml/min [117]; and participant enrolment in the TOTAL trial [118].
These covariates were included in the model, regardless of statistical significance, as they were
considered to be important predictors of medication use at follow-up. We dichotomized age, as
participants ≥ 65 years in Ontario have full medication insurance, and cost of medications can therefore
be a factor in those < 65 years old. Younger age has also been associated with medication nonadherence, regardless of costs [71, 119]. Co-morbidities, including a history of CAD and diabetes, as
well as prior medication use can influence future medication adherence [119-121]. Peri-ACS blood
transfusions and renal dysfunction can limit future use of secondary preventative medications [122,
123]. Finally, some DERLA-STEMI participants were also enrolled in the TOTAL trial [118]. The
TOTAL trial evaluated the impact of thrombectomy at the time of primary PCI and the authors were
concerned that the close follow-up of participants in TOTAL could have influenced medication use
[118]. For hierarchical models that yielded negative variance estimates for the family physician random
effects, the intra-cluster correlation coefficient was assumed to be 0, and models were re-estimated using
Generalized Estimating Equations (GEE) accounting for correlation in repeated measures on the same
patient using an unstructured correlation matrix [114].
Secondary outcomes measured cross-sectionally were analyzed using GEE, accounting for
clustering by family physician using an exchangeable correlation structure.
We performed all analyses using SAS, version 9.2 for UNIX and statistical significance was
assessed at the 5% level.
Validity of Outcome Assessment:
One hundred and five consecutive participants, aged 65 years and older, underwent assessment
of the accuracy of the self-reported primary outcome. Their medication lists were compared against
their prescriptions filled as reported in the Ontario Drug Benefit database.
Process Evaluation:
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A 20% random sample of participants in the intervention group was asked a series of additional,
structured questions at the time of outcome assessment. This process evaluation was elicited after the
outcome data was obtained and was designed to describe the acceptability of the intervention and the
reasons for any (lack of) action taken. The answers to these questionnaires were summarized
descriptively.
Results
Between September 2011 and December 2012, 852 participants from 466 family practices were
randomized to intervention (n=424, 287 clusters) and control (n=428, 295 clusters) (mean cluster size
1.49, variance 0.91) (Figure 1). Of the 572 clusters, there were 106 clusters (18.5%) in which the
participants did not have a FP but were still randomized. Ten FP had one patient in both the intervention
and control arms, as the FP was unknown at the time of randomization. Recruitment ceased when the
sample size was achieved. A total of 361 (85%) participants in the intervention arm and 380 (89%) in
the control arm completed 12-month follow-up.
Baseline characteristics of participants who underwent randomization are presented in Table 1.
The two groups were well balanced with a mean age of approximately 63 years old, 29% female, 19%
with a Killip class 4, and 77% undergoing primary PCI. The intervention group had a higher proportion
of diabetics (26.4% versus 18.9%), participants with a history of atrial fibrillation (5.9% versus 3.5%)
and blood transfusions in hospital (5.2% versus 3.7%).
Primary Outcome:
The proportions taking 4/4 medication classes at discharge were 73.6% and 75.5% in
intervention and control arms, respectively. At 12 months, observed proportions were 58.4% and 58.9%
in the intervention and control group, respectively, (adjusted OR 1.03, 95% CI 0.77-1.36) (Table 2). Inhospital blood transfusion and renal dysfunction were the only variables found to be statistically
significantly associated with adherence: both decreasing the odds of adherence. Figure 2 highlights the
low baseline-use of cardiac medications before their STEMI, despite 84% of the study population
10-Feb-2015

77

DERLA STEMI
Schwalm, J-D
having a history of cardiovascular disease or a significant cardiac risk factor. At discharge, there is a
marked increase in the prescription of evidence-based cardiac medications in both groups, with
declining adherence over time: at 12 months, the odds of adherence to 4 of 4 medications (ASA, BB,
ACEI/ARB, and statin) combined across groups was only 0.47 relative to baseline (95% CI 0.39-0.56).
Secondary Outcomes:
There were no significant differences between the intervention and control groups with respect to
the use of 5 of 5 medications at 3 and 12 months (Table 3a). While there were no statistically
differences in the use of ASA, BB, ACEI/ARB, or statins (high or low dose) at 12 months, there was a
potentially important difference in proportion of participants in the intervention group on a second
antiplatelet at one year compared to control (68.1% versus 62.1%, OR 1.36, 95% CI 0.99-1.85).
Table 3b highlights that medication adherence, as assessed by the MMAS, was statistically
significantly better in the intervention group as compared to control (65.3% versus 58%, adjusted OR
1.35, 95% CI 1.01-1.81). There appears to be increased discussions of their medications with their
health care providers in the intervention group, but this was not statistically significant (OR 1.67, 95%
CI 0.95-2.93). There was a decreased attendance to cardiac rehab in the intervention (36.2%) versus
control group (43.5%) (OR 0.74, 95% CI 0.55-1).
Participants in both groups reported that discontinuation of medication was most commonly at
the direction of the internist/cardiologist (9.5% intervention and 7.4% control, P=0.29). Medicationrelated side-effects was the most common cause for medication discontinuation (9.5% intervention and
6.6 % control, P=0.83).
Validation of self-reported outcome:
Validation of the self-reported primary outcome revealed that 98%, 93%, and 97% of
participants that reported they were taking a statin, BB and/or ACEI/ARB at 12 months, respectively,
had medication prescriptions filled from their pharmacy.
Process Evaluation:
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Of the 91 participants surveyed in the intervention group, only 46 (51%) recalled receiving the
reminders. In this sample, 89% understood the contents of the letter, 50% took them to their health care
provider, and 43% to their pharmacy. Only 30% agreed that the reminders helped them to take their
medications and only 20% that it prompted them to renew their medications.
Discussion:
Our findings show that delayed and repeated educational reminders sent to the patient and family
physician did not change the proportion of participants taking guideline-recommended cardiac
medications at 12 months post-STEMI. This study was sufficiently powered to rule out clinically
important differences in medication use at 12 months. However, there was a statistically significant
benefit in the intervention group with respect to the secondary outcome, MMAS for medication
adherence. This study is novel for two key reasons. First, to our knowledge, this is the largest study to
assess the impact of delayed and repeated post-event reminders directed at the patient and family
physician, with tear-outs for the pharmacist. Second, this trial utilized a pragmatic design in which
every STEMI patient that survived to discharge was included. Verbal consent was obtained at the time
of outcome assessment and loss-to-follow-up rates were minimal for such a pragmatic design (13% at 12
months). By capturing all possible participants with minimal selection criteria, this pragmatic
evaluation of a quality improvement program supports generalizability of the results.
Our team has also conducted a systematic review of post-event automated reminder systems for
improving adherence to medical recommendations among chronic disease [82]. This review indicates
that automated reminder systems can increase adherence rates to medical recommendations, particularly
if the following features are employed: (1) the intervention is delivered after hospital contact, (2) the
reminders are repeated, (3) primary care physicians are included in the reminders, and (4) the reminders
must be specific in reinforcing not only the intended behavior, but also the reasons for taking such action
[82]. The DERLA STEMI intervention captured all four of these highlighted features and yet, the study
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failed to detect an increase in adherence. Three key factors in the design and implementation of this
study may account for the discrepancy in the DERLA study results as compared to the literature. First,
the content and/or the design of the reminders used in this study may not have been adequate. While the
reminders were developed in concert with clinical experts (in both primary care and cardiology), as well
as researchers in knowledge translation and medical decision-making, we only tested the
comprehensibility and acceptability of the intervention with patients while in hospital and thus the
content may not have addressed the salient beliefs that affect medication adherence following discharge.
Tailoring the message of the intervention to target specific sub-groups of patients could also be
considered [82]. The letters were not sent directly to the patient’s pharmacist or the outpatient
cardiologist because data identifying these care providers was not collected in the registry. Finally,
despite the mailing addresses of the participants being confirmed while they were in hospital, only 53%
of participants recalled receiving the intervention. We think it is unlikely that they were mailed to the
wrong address, but rather, it is more likely that the design and/or content was not salient enough for the
patient to remember the intervention, let alone impact medication adherence.
A second factor that may have contributed to the lack of effect of the intervention is the chosen
outcome measure. While self-reported medication non-adherence is associated with adverse cardiac
events [124], the “all or none” definition of outcome for medication use at follow-up may not have been
sufficiently sensitive to detect an effect of the intervention. The majority of post-event reminder studies
use the proportion of days covered (PDC) or medication possession ratio (MPR) as a proxy for
medication adherence [71, 82]. Unfortunately, this method of outcome assessment was not feasible for
this pragmatic trial. A score of zero on the four-question MMAS is associated with a PDC of >80%
[107], which has been shown to be associated with reduced mortality post-MI [8]. There was a
statistically significantly greater proportion of participants in the intervention group with a score of zero
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on the MMAS as compared to the control group (OR 1.35, 95% CI 1.01-1.81). This suggests that a
more sensitive outcome measure may have detected a difference between the two groups.
Finally, the higher than expected rates of medication use at one-year follow-up may be another
factor contributing to the findings of this trial. It was estimated that 50% of the control group would be
taking 4 of 4 cardiac medications at one year but the measured rate was 59%. Furthermore, the use of
individual cardiac medications at 12 months post-STEMI was 90% for statins and ASA, >80% for
ACEI/ARB, and >75% for BB, all approaching expected benchmarks that take side-effects and
contraindications into consideration [81]. These reasonable rates of evidence-based medication use oneyear post-STEMI may be due to several factors: (1) a combination of full medication coverage for
participants over 65 years-old in the province of Ontario and lower medication costs for those without
insurance (all evidence-based cardiac medications classes are now available in a generic formulation)
[26]; (2) the evidence for secondary prevention is well established with guidelines recommending the
same classes of medications for over 8 years [125]; (3) STEMI is the most acute and symptomatic
presentation of acute coronary syndromes, and thus may promote better medication adherence as
compared to unstable angina and non-ST-elevation MI [120]; (4) the phone call follow-up at 3 months in
both intervention and control groups, as part of the existing STEMI registry, may have positively
influenced medication use at one year.
Our findings demonstrated that medications were most frequently discontinued by the physician,
rather than the patient. The most frequent reason for discontinuation was medication-related sideeffects. Similar findings have been previously reported in “real-world” studies [126]. It is likely that
patients that experience medication-related side-effects express this concern to their physician, who then
discontinue the medication, rather than the patient stopping the medication at their own discretion. We
did find that medications were more often discontinued by the specialist (cardiologist or internist), rather
than the family physician. Given, that the majority of the participants were being followed by a
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specialist post-STEMI, it is hypothesized that the family physician would defer any cardiac medicationrelated concerns to the specialist involved in their care.
Limitations:
This study does have limitations. First, the results presented are only applicable to the exact
interventions used in this study. Given significant effects seen in other studies, we cannot assume that a
set of reminders, varied in design, content, timing or mode of delivery (text messaging, emails) would
not improve medication use in the post-STEMI setting [82]. Second, this study used participantreported phone call follow-up as the outcome assessment. As outlined above, PDC or MPR is a more
sensitive measure of adherence [71]. Finally, this study did not capture outcomes related to cardiac
medication use, including recurrent cardiac events.
Conclusion:
DERLA-STEMI demonstrates the feasibility of recruiting and randomizing all eligible STEMI
patients in a provincial health region into a quality improvement program. The results suggest
suboptimal but better than previously reported persistence to all 4 cardiac medication classes at 12months. There was no significant difference in the use of guideline-recommended medications postSTEMI between those receiving delayed and repeated reminders versus usual care.
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Table 1: Baseline Characteristics of study participants. Table entries are frequency (%) unless
otherwise indicated.
Characteristics*

Intervention (N=424)

Control (N=428)

Age (years) (Mean and SD)

63.3 (12.6)

62.4 (13.2)

Female

133 (31.4)

115 (26.9)

History of CAD

79 (18.6)

83 (19.4)

Previous PCI

41 (9.7)

45 (10.5)

Previous Stroke/TIA

22 (5.2)

19 (4.4)

Diabetes

112 (26.4)

81 (18.9)

Hypertension

211 (49.8)

204 (47.7)

Current Smoker

181 (42.7)

177 (41.4)

Dyslipidemia

154 (36.3)

157 (36.7)

25 (5.9)

15 (3.5)

381 (89.9)

397 (92.8)

Primary PCI

322 (75.9)

335 (78.3)

Rescue PCI

32 (7.5)

33 (7.7)

Worst Killip Class 4

82 (19.3)

81 (18.9)

TIMI Score for STEMI
(Mean and SD)

3.8 (2.5)

3.4 (2.3)

Re-MI

4 (0.9)

4 (0.9)

PCI

42 (9.9)

35 (8.2)

CABG

21 (5.0)

16 (3.7)

Stroke

2 (0.5)

3 (0.7)

Blood Transfusion

22 (5.2)

16 (3.7)

ASA

418 (98.6)

422 (98.6)

Secondary Antiplatelet

393 (92.7)

397 (92.8)

ACEI/ARB

362 (85.4)

377 (88.1)

Beta-blocker

372 (87.7)

372 (86.9)

403 (95)

408 (95.3)

History of Atrial Fibrillation
Any PCI

In Hospital Events:

Medications at Discharge:

Statin

*CAD=Coronary Artery Disease, PCI=Percutaneous Coronary intervention, TIA=Transient Ischemic
Attack, TIMI=Thrombolysis in Myocardial Infarction, STEMI=ST-elevation Myocardial infarction,
CABG=Coronary Artery Bypass Grafting
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Table 2: Longitudinal logistic regression analysis of the primary outcome measure: 4 of 4 cardiac
medications
Variable

Adjusted
Odds Ratio
(OR)

95% Confidence
Interval (CI) for OR

Treatment vs. Control
3 months
12 months

1.10
1.03

0.83-1.45
0.77-1.36

Blood Transfusion

0.38

0.22-0.66

Age <65 years

1.12

0.88-1.43

History of CAD

0.80

0.57-1.13

History of DM

0.90

0.67-1.19

Prior ASA

0.89

0.64-1.23

Prior Secondary Antiplatelet

0.70

0.41-1.19

Prior ACEI/ARB

1.32

0.96-1.81

Prior Beta-blocker

1.18

0.81-1.72

Prior Statin

1.06

0.77-1.45

Renal Dysfunction

0.70

0.52-0.94

Enrollment in the TOTAL trial

1.14

0.90-1.45

*CAD=Coronary Artery Disease, DM=diabetes mellitus, ASA=acetylsalicylic acid, ACEI=Angiotensin
converting enzyme inhibitor, ARB=angiotensin receptor blocker
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Table 3a: Secondary Outcomes for treatment versus control
Variable1

Intervention

Control

80.5

Adjusted
OR
1.12
0.92

95% CI for
OR
0.84-1.5
0.67-1.26

349

91.8

1.09

0.63-1.88

68.1

236

62.1

1.36

0.99-1.85

294

81.4

327

86.1

0.71

0.48-1.04

BB at 12 months

281

77.8

285

75.0

1.14

0.80-1.61

Statin at 12 months

322

89.2

345

90.8

0.89

0.55-1.45

Frequency

%

Frequency

%

5/5 Medications at 12 months
3/4 medications at 12 months

152

42.1

156

41.1

286

79.5

306

ASA at 12 months

334

92.5

2nd Anti-platelet at 12 months

246

ACEI/ARB at 12 months

1

OR=Odds ratio (refers to intervention versus control), CI=Confidence intervals, ASA=acetylsalicylic
acid, ACEI=angiotensin converting enzyme inhibitor, ARB=angiotensin receptor blocker, BB =beta
blocker
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Table 3b: Secondary Outcomes Continued
Variable1

Frequency

Intervention
%

Frequency

%

305

80.7

294

77.6

Adjusted Analysis
OR
95% CI
1.67
0.95-2.93

247

65.3

220

58.0

1.35

1.01-1.81

137

36.2

165

43.5

0.74

0.55-1.00

Discussed Medications with Family
physician/
Specialist***
Perfect MMAS Score at 3
months**
Attendance to Cardiac Rehab at 3
months*

Control

1

OR=Odds ratio (refers to intervention versus control), CI=Confidence intervals, MMAS= Morisky
Medication Adherence Score, CAD= Coronary Heart Disease, ASA=acetylsalicylic acid,
ACEI=Angiotensin converting enzyme inhibitor, ARB=angiotensin receptor blocker
*** Adjusted by HX CAD, In TOTAL study, Hx ASA, Hx 2ndary Antiplatelets, Hx ACE/ARB, Hx BB,
Hx Statins
**adjusted by HX CAD, In TOTAL study, Hx ASA, Hx 2ndary Antiplatelets, Hx ACE/ARB, Hx BB,
Hx Statins, Age<65yrs, Hx DM, Hosp Blood transfusion, Renal dysfunction
* Adjusted by HX CAD, In TOTAL study
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Enrollment

888 STEMMI Patients
(Sept 2011-Dec 2012)
36 Patients
Expired

Allocation

424 Allocated to Intervention
424 Received Intervention
(Cluster=287, Mean Size=1.80)

9 Patients Expired
36 Patients Lost to Follow-Up

Follow-Up

428 Allocated to Control
No intervention Received
Cluster=295, Mean Size=1.80)
6 Patients Expired
43 Patients Lost to Follow-Up

379 Patients Contacted at 3
Month Follow-Up

390 Patients Contacted at 3
Month Follow-Up

10 Patients Expired or Lost
to Follow-up

17 Patients Expired or Lost to
Follow-up

Analysis

361 Patients Contacted at 12
Month Follow-Up

380 Patients Contacted at 12
Month Follow-Up

Figure 1: Flow Diagram of progress of clusters and individuals through phases of RCT
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Figure 2: Trends in percent of medication use at baseline, discharge, 3 months and 12 months. The
OR for 4 of 4 medication (ASA, BB, ACEI/ARB, and statin) use between discharge and 12 months
for both groups combined is 0.47, 95%CI 0.39-0.56.
* OR=Odds ratio (refers to discharge versus 12 months), CI=Confidence intervals, BB = Beta Blocker,
ASA=acetylsalicylic acid, ACEI=Angiotensin converting enzyme inhibitor, ARB=angiotensin receptor
blocker
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Chapter 6: “Discussion and Sustain Knowledge Use”
Jon-David Schwalm1
1

University of Ottawa and McMaster University/Hamilton Health Sciences/Population Health Research
Institute

Department of Epidemiology and Community Medicine
Faculty of Medicine
University of Ottawa
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Summary of the KTA Framework:
This thesis presents a program of KT research to promote the use of secondary prevention
cardiac medications. Following the KTA framework [11], a solid foundation of evidence supporting the
use of cardiac medications in patients with established CAD was first identified (Chapter 2). Next, the
evidence-practice gap was confirmed using provincial administrative databases (Chapter 3). In Chapter
4, the intervention was developed and adapted to the local context (Hamilton Health Sciences). Finally,
the intervention designed to promote cardiac medication use, was evaluated in a cRCT of over 850
patients post-STEMI (Chapter 5). This discussion will highlight the novel findings presented in this
thesis and the key limitations of the two studies. Furthermore, to complete the KTA framework, we will
discuss plans for future research, and implications to health policy and clinical practice as it relates to
the sustainability of the potential KT interventions.

Novel Findings:
This thesis had two primary objectives. The first objective was to identify the current Ontario
trends in adherence to cardiac medications and factors associated with adherence to cardiac secondary
prevention medications in patients in whom CAD was evident during angiography. This section of the
thesis was novel for four reasons. First, using administrative data from the province of Ontario, it was
demonstrated that there is poor persistence of cardiac medications in patients with identified CAD.
Despite all patients having a class IA indication for the selected classes of medications (beta blockers,
statins, and ACEI/ARB), and all patients having full medication coverage for financial costs (all patients
≥ 65 years old), medication use steadily declined to approximately 60% by 18 months post-coronary
angiogram [12]. Second, this study also showed that poor adherence was consistent across all
subgroups, highlighting the need for broad, population-based interventions to promote persistence of
cardiac secondary prevention medications. Third, this population study highlighted vulnerable periods
at the time of prescription refills in which premature medication discontinuation may occur. Finally, it
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was found that the length of the initial prescription for a cardiac medication was the biggest predictor for
medication adherence at follow-up. This finding has been described in two other smaller studies, both
looking at individual medication use in cardiac patients (digoxin and statins) [65, 66]. The research
presented in Chapter 3 is the only (1) population-based study to report the significant impact of initial
prescription length on the adherence to (2) multiple classes of cardiac medications. Such findings
warrant further investigation (See Limitations and Next Steps).
The second objective of this thesis was to assess if repeated mailing of an educational reminder
to the FP and the patient would decrease the proportion of patients who discontinue evidence-based
secondary prevention medications at 12 months post-STEMI. This section of the thesis was novel for
two reasons. First, the results of DERLA STEMI trial suggest suboptimal persistence to all 4 cardiac
medication classes (Aspirin, beta blocker, statin, ACEI/ARB) at 12-months post-STEMI but better than
previously reported persistence to the individual medications. Second, there was no significant
difference in the primary outcome of guideline-recommended medication use post-STEMI in those
receiving delayed and repeated reminders as compared to usual care. However, there was a statistically
significant increase in medication adherence, as measured by the MMAS (secondary outcome), in the
intervention group (65.3% versus 58%, adjusted OR 1.35, 95% CI 1.01-1.81).

Limitations:
The research presented in this thesis has several limitations that warrant discussion. Such
limitations have been outlined in the chapter 3 (introduction and manuscript) and 5 (manuscript), but the
key limitations will be reviewed in this section. While the DERLA baseline study (chapter 3) has
limitations including the pitfalls of administrative databases, the outcome measures used, and limited
generalizability of the findings to those under 65 years old, the primary limitation of the study is the
design [12]. Given this was a non-randomized observational study; caution must be taken in the
interpretation of the study findings. The non-randomized design cannot fully address all known and
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unknown biases. However, given the size of the study population (18000 patients), the robustness of the
findings, the replication of the results in other similar studies [65, 66], and the fact that the results make
clinical sense, it is hypothesized that prescription length does positively affect long-term medication
adherence.
The key limitation identified in the DERLA STEMI trial (chapter 5), relates to the method of the
outcome assessment. The DERLA STEMI trial used an “all or none” primary outcome for medication
use at 12 months. This outcome measure was chosen due to the limitations with phone call follow-up as
part of the pragmatic design. The proportion of days covered (PDC) or medication possession ratio
(MPR) is a continuous variable that more accurately reflects medication adherence and is more
commonly used as a proxy for medication adherence in other post-event reminder trials [71, 82]. The
DERLA STEMI trial did demonstrate a statistically significant improvement in medication adherence in
the intervention group as measured by the MMAS. The MMAS is better associated with PDC as
compared to the “all or none” primary outcome used in the DERLA STEMI trial [107]. This suggests
that a more sensitive outcome measure may have detected a difference between the two groups and the
findings would be more consistent with those of other post-event reminder studies [82].

Plans for Future Research:
Prescription Duration:
The DERLA baseline study identified that the duration of the initial prescription post-coronary
angiogram, was the biggest predictor of long-term adherence to guideline recommended therapies [12].
This finding was robust, with an odds ratio of 4.0 (95% CI 3.6-4.7) for ACEI/ARBs for a three-month
prescription versus a one-month prescription [12]. The findings were consistent across all cardiac
medications evaluated. Furthermore, the effect size was proportional to the duration of the prescription
with better long-term adherence with a 3- versus 2- versus 1-month prescription [12]. This finding
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makes clinical sense as shorter prescriptions may cause an increased inconvenience for the patient and
added pharmacy dispensation fees that in-turn promote reduced medication adherence.
The findings in the DERLA baseline study have led to a sub-study of the DERLA STEMI cRCT
(REB approval-Amendment 11-191). Confirmation of the length of the initial prescription of cardiac
medications post-STEMI, as a predictor of long-term medication adherence, is being evaluated in a subgroup of patients in the DERLA STEMI cRCT that were discharged from a Hamilton Health Sciences
Hospital. This sub-group has been selected as the investigators have access to scanned copies of
patient’s discharge prescriptions on the hospitals’ computerized medical record system. 538 patients
will be included in this sub study (63% of the DERLA STEMI study population). The length of the
initial prescription will be evaluated as a predictive variable for medication use at 12-months follow-up
and MMAS at 3 months.
The ISLAND ACS Study:
As outlined in the discussion of Chapter 5, we do not think that reminders promoting the use of
long-term secondary preventative medications post-STEMI should be abandoned as a KT intervention
based on the results of the DERLA STEMI trial. The results presented in Chapter 5, are only applicable
to the exact interventions used in the DERLA STEMI study. A contemporary systematic review and
meta-analysis of automated post-event reminders for improving adherence to medical recommendations
is being submitted for publication [82]. This review highlights the benefits of post-health event
reminders, with a RR of 1.30, 95% CI 1.09-1.58. [82]. Given the significant effects seen in this review,
we cannot assume that a set of reminders, varied in design, content, timing or mode of delivery (text
messaging, emails, telephone calls) would not improve medication use in the post-STEMI setting [82].
Therefore, the investigators of DERLA STEMI, have successfully secured funding from the Ministry of
Health ($1,039,155.92) to further evaluate post-ACS reminders to promote both attendance to cardiac
rehabilitation programs and medications use (Appendix 6-1, Summary).
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The ISLAND ACS study will implement and evaluate province-wide systems for providing
reminders to cardiac patients and their primary care providers in the year following an ACS. Working
with provincial decision makers and cardiac centers around the province, the investigators will conduct
an RCT to compare both the effectiveness and the cost of strategies to improve adherence to proven
therapies. The first stage of the ISLAND ACS trial will involve refinement of the DERLA STEMI mailout reminder intervention through an iterative process of patient surveys, interviews, and user-testing
with the help of experts in Knowledge translation, clinical cardiology, behavioral psychology, and
human factors research. Furthermore, this process will also evaluate the changes in patient perceptions
over time following discharge from hospital. This stage will also involve the development of an
automated phone call algorithm and lay-health worker training. The second stage of the study will entail
a three-arm RCT with all eligible patients post-ACS being randomized to (1) recurrent, tailored postal
reminder letters to patients and their family physician, OR (2) letters to patients and their physician plus
automated phone calls with interactive voice response and lay-health worker (with nurse back-up)
telephone follow-up to patients reporting discontinuation of treatments, OR (3) usual care.

Implications for Clinical Practice and Health Policy:
The research presented in this thesis has potential implications for both clinical practice and
health policy. First, if the findings in chapter 3, relating to prescription length and long-term medication
use, are confirmed in the DERLA-STEMI sub-study that is currently underway, then this low-cost and
low-risk intervention could be easily sustained and implemented at a population level. Hospital ACS
standardized discharge prescriptions orders could be easily revised to support three-month dispensation
of cardiac medications. However, it could be argued that the observational study presented in this thesis
(chapter 3) and the sub-study of DERLA STEMI that is currently underway, is not enough to support
wide-spread recommendations for the increased length of prescriptions. Furthermore, evaluation of the
patient and provincial costs potentially associated with longer prescriptions should be undertaken.
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Second, The DERLA STEMI trial results demonstrate that there is insufficient evidence to
support widespread adoption of patient reminders in the province of Ontario. However, given the
findings of our systematic review [82], further rigorous evaluation of ‘optimized’ reminders is
warranted. Furthermore, the relative low cost and scalable nature of an intervention with even a small
increase in medication adherence might be efficient.
Finally, both the DERLA STEMI intervention and the ISLAND ACS interventions were
designed to be evaluated and implemented using established infrastructures, including existing registries
at Hamilton Health Sciences (SMART AMI) and the province of Ontario (CCN/ICES). The pragmatic
designs for the implementation and evaluation of these KT interventions will help facilitate its widescale implementation. Using an integrated KT approach for both studies, by including key stakeholders
in their design and implementation (patients, physicians, hospital administrators, and provincial partners
including CCN, ICES, and the Ministry of Health and Long-Term Care) will ensure that the research
results meet decision makers’ needs and increases the likelihood of translating the findings to policy.

Conclusion:
Significant evidence-practice gaps exist in the province of Ontario with respect to the persistence
of secondary preventative medications in all sub-groups of patients with CAD. These gaps worsen with
time from the index-event. The DERLA-STEMI trial demonstrates the feasibility of recruiting and
randomizing all eligible STEMI patients in a provincial health region into a quality improvement
program to address the identified evidence-practice gaps. There was no significant difference in the use
of guideline-recommended medications post-STEMI in those receiving delayed and repeated reminders
as compared to usual care in the DERLA STEMI trial. However, an increase in medication adherence
as measured by the MMAS was identified in the intervention group. Further refinement of the DERLA
STEMI mail-outs and assessment of novel mechanisms to deliver post-event reminders is required and
underway.
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Appendix
Appendix 1-1: CCS Montreal Abstract 2013 (Oral Presentation-Published)
Schwalm JD, Ivers N, Witteman HO, Taljaard M, RaoMelacini P, Zwarenstein M, Grimshaw J,
Natarajan MK. Pragmatic, cluster-randomized controlled trial of Delayed Educational
Reminders for Long-term medication Adherence in ST-Elevation Myocardial Infarction
(DERLA-STEMI). Canadian Journal of Cardiology 2013; 29: S265.
Background: Discontinuation of guideline-recommended cardiac medications post- ST-elevation
myocardial infarction (STEMI) is common and associated with increased mortality. DERLA-STEMI
tests an intervention aiming to improve long-term persistence to cardiac medications post-STEMI.
Methods: Between September 2011 and December 2012 STEMI patients from one health region in
Ontario, who underwent an angiogram during their admission and survived to discharge, were clusterrandomized to a quality improvement initiative. Patients with the same family physician, received the
same intervention, to avoid contamination. The intervention is an automated system that sends
recurrent, personalized, educational-reminders to the patient, their family physician, and their
pharmacist urging long-term use of secondary-prevention medications. Interventions are sent via
regular mail at 1, 2, 5, 8, and 11 months post-discharge. Reminders are tailored for each type of
recipient; patient reminders use plain language and were refined via iterative usability testing to ensure
comprehension. The primary outcome is the proportion of patients taking all 5 guideline-recommended
classes of cardiac medications (ASA, second antiplatelet, ACEI/ARB, statin, and beta-blocker). Interim
3-month feasibility results are reported, along with data from an embedded process evaluation.
Results: 861 eligible patients were randomized (intervention=415, control=446); 89% in the
intervention arm and 88% in the control arm have completed 3-month follow-up. The baseline
characteristics in the two groups were well balanced: mean age 63, 29% female, 23% diabetics, 21%
Killip 4, and 76% undergoing primary PCI. The proportions taking all 5 medication classes at discharge
were 60.7% and 64.8% in intervention and control arms, respectively. At 3 months, proportions were
54.4% intervention and 54.8% control. Of patients on 5/5 medication classes at discharge (n=221 in
intervention and 252 in control), 73.8% intervention and 70.2% control were still taking 5/5 at 3 months
(absolute difference in persistence, 3.6%). Patients reported that discontinuation of medication was most
commonly at the direction of the internist/cardiologist (64%), and due to medication-related side-effects
(62%). The process evaluation indicates that 59% of patients remembered receiving the intervention,
and of these 53% took it for discussion with their health care provider.
Discussion: DERLA-STEMI demonstrates the feasibility of recruiting and randomizing all eligible
STEMI patients in a provincial health region. Preliminary results suggest low persistence to all 5
cardiac medication classes at 3-months. A small absolute difference in early medication persistence
between the groups after only 3-months, indicates the promise of this readily scalable and sustainable
intervention. Long-term follow up is ongoing.
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Appendix 1-2: CCS Vancouver Abstract 2014 (Oral Presentation-Accepted)
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Appendix 3-1: Supplementary Analysis for DERLA Baseline (A)
Table S1: Patient characteristics and proportion of patients with high adherence in the patient
cohort for each of the medications of interest. *

Demographics:
Age (Mean ± SD)
Male
Female
Rural
Urban
Income quintile 1 (lowest)
Income quintile 5 (highest)
Indication:
NSTEACS
STEACS
Non-ACS
Disease severity:
1 vessel
2 vessels
3 vessels
Left main
Treatment:
CABG
Medical management
PCI
Ejection Fraction:
<35%
35-50%
>50%
Other Comorbidities:
Mental health disorder
Past MI
Past CABG
Past CVA/TIA
PVD
CCS 1 or 2
CCS 3 or 4
NYHA 1 or 2
NYHA 3 or 4
Hypertension
Hyperlipidemia
Smoking
COPD
Diabetes
Previous adherence^

ACE-I/ARB N=13,305
High adherence
n=9,504 (71%)

BB
N=5,792
High adherence
n=3,827 (66%)

Statin
N=16,134
High adherence
n=12,868 (80%)

74.54 ± 6.02
6226/8778 (70.9%)
3278/4527 (72.4%)
1432/1965 (72.9%)
8072/11340 (71.2%)
1763/2558 (68.9%)
1894/2574 (73.6%)

75.20 ± 6.43
2410/3744 (64.4%)
1417/2048 (69.2%)
587/865 (67.9%)
3240/4927 (65.8%)
779/1164 (66.9%)
689/1076 (64.0%)

74.54 ± 6.04
8750/10837 (80.7%)
4118/5297 (77.7%)
1923/2410 (79.8%)
10945/13724 (79.8%)
2347/3000 (78.2%)
2641/3255 (81.1%)

4200/5876 (71.5%)
1025/1348 (76.0%)
4279/6081 (70.1%)

2404/3653 (65.8%)
1111/1701 (65.3%)
312/438 (71.2%)

5512/6928 (79.6%)
1400/1701 (82.3%)
5956/7505 (79.4%)

3392/4678 (72.5%)
2593/3586 (72.3%)
2223/3136 (70.9%)
1296/1905 (68.0%)

1340/2080 (64.4%)
1062/1593 (66.7%)
930/1365 (68.1%)
495/754 (65.6%)

4636/5893 (78.7%)
3452/4328 (79.8%)
2891/3618 (79.9%)
1889/2295 (82.3%)

1823/2904 (62.8%)
3298/4622 (71.4%)
4383/5779 (75.8%)

702/1131 (62.1%)
1050/1505 (69.8%)
2075/3156 (65.7%)

2862/3533 (81.0%)
4199/5460 (76.9%)
5807/7141 (81.3%)

932/1220 (76.4%)
1539/2112 (72.9%)
3363/4780 (70.1%)

686/965 (71.1%)
895/1308 (68.4%)
955/1518 (62.9%)

1098/1374 (79.9%)
1908/2343 (81.4%)
4756/6006 (79.2%)

1493/2199 (67.9%)
3208/4433 (72.4%)
1988/2616 (76.0%)
860/1265 (68.0%)
1021/1443 (70.8%)
3332/4746 (70.2%)
6172/8559 (72.1%)
8555/11906 (71.9%)
949/1399 (67.8%)
8651/12054 (71.8%)
7560/10530 (71.8%)
4696/6561 (71.6%)
665/970 (68.6%)
3716/5053 (73.5%)
7746/9570 (80.9%)

586/930 (63.0%)
1925/3395 (56.7%)
541/775 (69.8%)
336/519 (64.7%)
350/570 (61.4%)
392/583 (67.2%)
3435/5209 (65.9%)
3299/5011 (65.8%)
528/781 (67.6%)
2785/4070 (68.4%)
2511/3690 (68.0%)
1814/2828 (64.1%)
291/471 (61.8%)
1247/1804 (69.1%)
2311/3292 (70.2%)

2087/2660 (78.5%)
4111/5169 (79.5%)
2452/3017 (81.3%)
1074/1396 (76.9%)
1225/1573 (77.9%)
4682/5906 (79.3%)
8186/10228 (80.0%)
11675/14554 (80.2%)
1193/1580 (75.5%)
9598/12054(79.6%)
9604/11871(80.9%)
6249/7778 (80.3%)
883/1132 (78.0%)
3977/5053 (78.7%)
9282/10657 (87.1%)

* Number with high adherence at 540 days, the total number with characteristic, and the proportion is reported for each cell, unless otherwise noted. ^ High adherence to prescription of interest during 12 months prior to angiography. ACE-I/ARB =
ACE-inhibitors or angiotensin receptor blockers; BB = beta blockers; NSTEACS = non-ST elevation acute coronary syndrome; STEACS = ST elevation acute coronary syndrome; non-ACS = non acute coronary syndrome; CABG = coronary artery
bypass graft; PCI = percutaneous coronary intervention; MI = myocardial infarction; CVA/TIA = cerebrovascular attack / transient ischemic attack; PVD = peripheral vascular disease; COPD = chronic obstructive pulmonary disease
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Appendix 4-1: Post card to patients

10-Feb-2015

100

DERLA STEMI

Schwalm, J-D

Appendix 4-2: Reminder letter to patient
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Appendix 4-3: Letter to family physician
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Appendix 4-4: Tear-out for Pharmacist
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Appendix 4-5: Copyright approval for DERLA protocol-Implementation Science
-----Original Message----Subject: 00521227 Request for copyright approval
Thank you for contacting BioMed Central.
The article you refer to is an open access publication. Therefore you are free to use the article for the purpose
required, as long as its integrity is maintained and its original authors, citation details and publisher are
identified.
For detailed information about the terms please refer to the open access license:
http://www.biomedcentral.com/about/license.
If you have any questions please do not hesitate to contact me.
Best wishes
Customer Services
www.biomedcentral.com
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Appendix 6-1: ISLAND ACS Summary
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ABSTRACT



RESUM
E

Background: Patient adherence to cardiac secondary prevention
medications declines over time. We examined whether the length of
the initial prescription at hospital discharge after coronary angiography
would be associated with long-term adherence.
Methods: We conducted a population-level cohort study to examine
adherence to cardiac medications for 18 months after coronary angiography in elderly patients with coronary artery disease (CAD). We
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Patients with documented coronary artery disease (CAD) have
an increased risk of subsequent cardiovascular events,
including myocardial infarction (MI), heart failure, and
death.1 Guidelines stress that the initiation and long-term
maintenance of evidence-based secondary prevention medications such as antiplatelet agents, angiotensin-converting
enzyme inhibitor or angiotensin receptor blockers (ACE-I/
ARB), b-blockers (BBs), and statins are essential for
improving cardiovascular outcomes.2,3 Unfortunately, adherence to cardiac secondary prevention medications declines

over time, and this decreased adherence is associated with
increased mortality.4-9
The purpose of this study was to identify factors associated
with adherence to cardiac secondary prevention medications
in patients in whom CAD was evident during angiography. In
particular, we assessed whether the length of the initial
prescription given to the patient after angiography was associated with long-term adherence, based on our clinical
observation that many patients were offered brief prescriptions
to encourage early outpatient follow-up.
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Methods
We conducted a retrospective cohort study to examine
adherence to cardiac secondary prevention medication 18
months after coronary angiography. The Research Ethics
Board at Sunnybrook Health Sciences Centre approved this
study.
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identiﬁed patients with clinical indications for angiotensin-converting
enzyme inhibitors or angiotensin receptor blockers (ACE-I/ARB),
beta-blockers (BB), and/or statins. In each medication class cohort, we
deﬁned high adherence as proportion of days covered (PDC) > 80%.
The length of the initial prescription was deﬁned as 0-30 days, 31-60
days, and more than 60 days. We controlled for patient sociodemographic factors, previous adherence, and comorbidities.
Results: The ACE-I/ARB cohort included 13,305 patients, the BB
cohort included 5,792 patients, and the statin cohort included 16,134
patients. Using < 30 days as the reference, initial prescriptions
covering at least 60 days were more likely to result in high long-term
adherence for ACE-I/ARB (adjusted odds ratio [aOR], 4.1; 95% conﬁdence interval [CI], 3.6-4.7); BB (aOR, 2.4; 95% CI, 1.9-3.1), and statins
(aOR, 3.0; 95% CI, 2.6-3.4). More than 80% of patients had outpatient
follow-up with a primary care provider within 30 days, and this did not
vary based on length of initial prescription.
Conclusions: Giving patients longer prescriptions for cardiac
secondary prevention medications at hospital discharge seems to
increase the likelihood of high long-term adherence in elderly patients.
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Databases

From the entire cohort of patients with CAD, we created 3
medication class cohorts to identify patients who had clinical
indications for long-term use of ACE-I/ARB, BBs, and/or
statins based on class 1A evidence from recent guidelines3: the
ACEI/ARB cohort included patients with diabetes or hypertension or decreased left ventricular ejection fraction (< 50%);
the BB cohort included patients with decreased left ventricular
ejection fraction (< 50%) and New York Heart Association
class II-IV or a history of MI before or as indication for
angiography; the statin cohort was not limited because
guidelines recommend long-term use of statins in all patients
with evidence of CAD.2 We did not assess antiplatelet
medications because clopidogrel is not indicated for long-term
use in many patients and because acetyl salicylic acid is usually
purchased over the counter without a prescription in Ontario.
We limited analyses to patients who survived 18 months after
angiography.

We used population-based administrative records linked
through a unique identiﬁer at the Institute for Clinical Evaluative Sciences. Data were compiled from the following
databases: (1) the Ontario Drug Beneﬁts (ODB) database,
covering all medications prescribed to persons in Ontario
older than 65 years10,11; (2) the Canadian Institute for Health
Information Discharge Abstract Database covering hospital
discharge diagnoses12 using International Classiﬁcation of
Disease (ICD) codes, permitting the calculation of the
Charlson comorbidity score13; (3) the Ontario Health
Insurance Plan (OHIP) database, covering physician billings
for procedures and consultations14; (4) the Registered Persons
Database, covering demographic information including date
of death; and (5) the Cardiac Care Network of Ontario
(CCN) cardiac registry, with clinical variables collected at the
time of angiography. The CCN cardiac registry has recently
been used as a reference standard to validate other databases.15

Patient cohorts
We examined patients with CAD identiﬁed during coronary angiography that was performed between October 1,
2008 and September 30, 2009. The included cohort had at
least 70% blockage in at least 1 vessel or at least 50% blockage
in the left main coronary artery. Medication data in the ODB
is captured for all patients older than 65 years. Therefore,
restricting enrollment to patients aged 65 years plus 120 days
allowed us to account for prescriptions started before the date
of angiography.
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Outcome: assessment of adherence
In each medication class cohort, we assessed adherence
using the proportion of days covered (PDC) technique, in
which the days supplied during each interval is divided by the
number of days in the interval. The PDC was calculated 540
days (ie, 18 months) after angiography. Patients not
prescribed any medication in a class would have PDC equal to
zero. When patients were dispensed a prescription renewal
before the end of their previous prescription period, the excess
supply was carried over to the next period, but the maximum
PDC for the interval was equal to 1. We dichotomized
patients based on their PDC into high and not-high adherence, with high-adherence deﬁned as PDC > 80%.8
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Exposure: length of initial prescription after angiography
We examined the number of days supplied in the initial
prescription ﬁll for each medication class.10,11 Prescriptions
covered by the ODB plan are dispensed for a maximum of
100 days. Therefore, we categorized the initial days supplied
of the initial prescription as follows: < 1 month (0-30 days);
1-2 months (31-60 days), and > 2 months (> 60 days). For
those who did not have any leftover pills from a previous
prescription and who did not ﬁll a new prescription within 30
days of their angiography procedure, the length of the initial
prescription was set at zero.
Covariates
We controlled for confounding factors that might inﬂuence prescription adherence, including sex, rural location, and
socioeconomic status. For the latter, we used median neighborhood income quintile using postal code linkage to census
data from Statistics Canada.16 We also adjusted for comorbid
disease burden,17,18 using the number of distinct medications
dispensed in the year before cohort entry,19,20 as well as by
Charlson Score.21 In addition, we accounted for the severity
of the presentation leading to the angiography procedure (STelevation MI, noneST-elevation MI, unstable angina, or
elective), ﬁndings during angiography (number of vessels
affected), subsequent treatment (medical management or
percutaneous coronary intervention or coronary artery bypass
within 90 days), and presence of heart failure (left ventricular
function and New York Heart Association class), angina
(Canadian Cardiovascular Society class), chronic obstructive
pulmonary disease, diabetes, hypertension, dyslipidemia,
peripheral vascular disease, and cerebrovascular disease, plus
smoking status and history of coronary bypass and/or MI.
These clinical variables are recorded in the CCN cardiac
registry at the time of angiography. We also adjusted for
history of mental health care, given the potential association
with adherence.17-19 This was assessed using a validated
algorithm for identifying patients with a relevant OHIP
billing code (ICD-9 codes 295-304, 306, 309, 311, 897-902,
904-906, 909) representing an outpatient family physician
assessment for mental health,22 any hospitalization for mental
health (ICD-10 code F00-F99), or any billing by a psychiatrist in the previous year. Using data from ODB, we also
adjusted for past medication adherence for those who were
prescribed the medication of interest in the year before the
angiography procedure as well as concurrent cardiovascular
medications. Finally, we used OHIP to determine the number
of outpatient appointments with a specialist (cardiologist or
internist) or with a primary care provider (family physician or
general practitioner).
Statistical analysis
We conducted multivariable logistic regression to examine
the effects of initial prescription and follow-up characteristics
on adherence, adjusting for potential confounding variables.
The strength of the association between exposure and
adherence is expressed as an adjusted odds ratio (aOR). A
separate model was conducted for each medication class. All
models included patient age and sex, as well as indication for
angiography; other covariates were included in the model if
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their P values were < 0.05, using a backward selection
process.23
We conducted additional post hoc analyses to further
examine the ﬁndings. First, we repeated the main analysis after
excluding patients with an initial prescription length of less
than 7 days under the assumption that the physician in such
cases was uncertain if the patient required or could tolerate the
medication. Second, we explored timing of outpatient followup to see if this could explain the relationship between
adherence and prescription length. Finally, we examined
medication discontinuation after angiography for each medication class. We deﬁned discontinuation as occurring when
the prescription is inactive for at least 20% of the length of
time of the previous medication.24 To measure discontinuation, we included only patients who were initially taking the
medication class of interest by limiting inclusion to those who
had leftover pills in a medication class from a prescription
before the angiography procedure or those who ﬁlled a new
prescription for that class within 30 days after the angiography
procedure.
All analyses were conducted using SAS, version 9.2 (SAS
Institute, Cary, NC).
Results
The ACE-I/ARB cohort included 13,305 patients, the BB
cohort included 5,792 patients, and the statin cohort included
16,134 patients (Fig. 1). Demographic and clinical characteristics for each medication class cohort are described in
Supplemental Table S1, along with the proportion of patients
achieving high adherence over 540 days. Some patient characteristics were associated with increased long-term adherence
in speciﬁc medication classes but not across all medication
classes. For instance, signiﬁcantly more women had high
adherence to BBs than did men (P < 0.001), and there was
a trend suggesting that more women had high adherence to
ACE-I/ARB class medications than did men (P ¼ 0.07),
whereas signiﬁcantly more men had high adherence to statins
than did women (P < 0.001).
Of all initial prescriptions, 19.5% of ACE-I/ARB medications, 11.0% of BBs, and 20.6% of statins were for more
than 60 days. The association between length of initial
prescription after angiography and the likelihood of high
adherence at 540 days is described in Table 1. Using < 30
days as the reference, initial prescriptions > 60 days were
more likely to result in high long-term adherence for ACE-I/
ARB medications (aOR, 4.1; 95% conﬁdence interval [CI]
3.6-4.7), BBs (aOR, 2.4; 95% CI, 1.9-3.1), and statins (aOR,
3.0; 95% CI, 2.6-3.4). Age and sex were signiﬁcant covariates
in each model. Each 10-year increase in age was associated
with a reduction in long-term adherence for ACE-I/ARB
medications (aOR, 0.8; 95% CI, 0.8-0.9), BBs (aOR, 0.9;
95% CI, 0.8-0.9), and statins (aOR, 0.89; 95% CI, 0.830.95). Male patients were less likely to have high long-term
adherence to ACE-I/ARB medications (aOR, 0.88; 95% CI,
0.80-0.96) and BBs (aOR, 0.78; 95% CI, 0.69-0.88) but
were more likely to have high long-term adherence to statins
(aOR, 1.18; 95% CI, 1.09-1.29).
Of all prescriptions covering less than 31 days, 3292
(50.3%) prescriptions for ACE-I/ARB were prescribed for less
than 7 days, 715 (23.3%) prescriptions for BB were
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Figure 1. Patient ﬂow diagram of study population. ACE-I/ARB, angiotensin-converting enzyme inhibitors or angiotensin receptor blockers; CAD,
coronary artery disease. * Assessment of adherence over 540 days includes all patients with a clinical indication for that class of medication.
Assessment of persistence is limited to those who had leftover pills in a medication-class from a prescription prior to the angiography or those who
ﬁlled a new prescription for that class within 30 days after the angiography.

prescribed for less than 7 days, and 3789 (42.3%) prescriptions for statins were prescribed for less than 7 days. After
removing these cases, patients receiving initial prescriptions
longer than 60 days still had greater long-term adherence for
ACE-I/ARB medications (aOR, 1.3; 95% CI, 1.1-1.6) and
a trend toward high long-term adherence for BBs (aOR, 1.2;
95% CI, 0.9-1.5) and statins (aOR, 1.2; 95% CI, 1.0-1.4). As
seen in Figure 2, although medication adherence fell gradually
over time, higher rates of discontinuation were apparent at 30
and 90 days. This coincides with the common length of initial
prescriptions, marking the time when reﬁlls would be
necessary.
The vast majority of patients had follow-up in primary care
within 30 days after the angiography procedure (Supplemental
Table S2). The proportion of patients with outpatient followup in primary care within 30 days was nearly equivalent for
the different initial prescription lengths. However, those

receiving initial prescriptions for less than 1 month were
slightly more likely to have an outpatient follow-up with
a specialist within 30 days.
Discussion
This study identiﬁes an easily modiﬁable factor in the
control of providers and/or systems to improve adherence.
The length of initial prescription was associated with longterm adherence, and the strength of the association was
consistent for each cardiac secondary prevention medication,
even after adjusting for relevant clinical factors and sociodemographic factors. We found that the majority of
prescriptions at discharge cover less than 1 month. This may
be based on a clinical assumption that short prescriptions
encourage patients to attend early outpatient follow-up.
Although early follow-up is essential to assess the patient

Table 1. Association between days supplied with initial prescription and long-term adherence for each drug class
Initial prescription length after angiography
< 31 days
Drug cohort
ACE-I/ARB N ¼ 13,305
b-blocker N ¼ 5792
Statins N ¼ 16,134

High PDC N (%)
6550 (65.8%)
3074 (62.9%)
8962 (76.1%)

31-60 days
OR*
1
1
1

High PDC N (%)
640 (84.4%)
224 (80.9%)
887 (87.0%)

OR* (95% CI)
2.6 (2.1-3.2)
1.8 (1.3-2.5)
2.0 (1.7-2.4)

> 60 days
High PDC N (%)
2314 (89.1%)
529 (84.8%)
3019 (90.5%)

OR* (95% CI)
4.1 (3.6-4.7)
2.4 (1.9-3.1)
3.0 (2.6-3.4)

ACE-I/ARB, ACE inhibitors or angiotensin receptor blockers; BB, beta blockers; OR, odds ratio; PDC, proportion of days covered.
* ORs for high adherence at 540 days are adjusted for signiﬁcant covariates and use initial prescription length < 31 days as the reference. Because the adherence
value for prescriptions < 31 days in length was used as the reference for the other groups receiving longer prescriptions, by deﬁnition the value for the OR for those
receiving prescriptions < 31 days is equal to 1.
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Figure 2. Persistence with secondary prevention medications after
angiography. ACE, angiotensin-converting enzyme.

and to address medication side effects, the vast majority of
patients did have follow-up within 1 month, regardless of
prescription length. Therefore, shorter prescriptions may
create an unnecessary inconvenience (ie, a reﬁll burden) for
elderly patients, and the subsequent risk of reduced adherence
may outweigh other potential beneﬁts.
Two previous small studies examined the association
between length of prescriptions and long-term adherence to
cardiac medications.25,26 The ﬁrst included 290 patients and
found that those with at least 90-day supplies of digoxin were
less likely to run out of tablets over 9-14 months. The other
study included 3386 patients and found that those receiving
mostly 60-day prescriptions for statins were more likely to
have high adherence than those receiving mostly 30-day
prescriptions (adjusted risk ratio, 1.40; 95% CI, 1.27-1.55).
We agree with the conclusion of both studies that longer
prescriptions may partially address a major reason for (unintentional) nonadherencedforgetfulness.27 Our ﬁndings focus
speciﬁcally on the length of the ﬁrst prescription after angiography rather than considering the average ﬁll size and build
on these studies by considering a population-level sample and
by extending the ﬁndings to multiple cardiac medications.
The same databases as those used in our study have
previously been used to reveal improvements between 1992
and 2005 in the proportion of cardiac patients dispensed
secondary prevention medications at discharge.28 However,
we found a study with similar proportions of patients with
high long-term adherence to statins and BBs using the same
databases between 1999 and 2003,8 suggesting that qualityimprovement efforts that have successfully improved rates of
prescriptions at discharge should now be directed to support
long-term adherence.29
The World Health Organization found that patient-level,
provider-level, and system-level factors each may play a role
in suboptimal adherence.30 Less than 4% of patients report
side effects as the primary reason for discontinuation of
cardiac medications after ST-elevation MI,31,32 suggesting
that many cases of cardiac medication nonadherence are
unintentional or attributable to system-level and providerlevel factors.33 Qualitative studies have found that poor
adherence to cardiac medications is often due to suboptimal
organization of care.34,35 In particular, transitions between
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specialty and primary care represent an important risk factor
for unintentional discontinuation of cardiac medications.24,36
Guidelines recommend outpatient follow-up after MI within
2-6 weeks,37 although a previous study showed lower rates of
evidence-based cardiac medication use at 6 months in patients
with MI without an outpatient assessment within 30 days.38
We found that > 80% of patients had outpatient follow-up
with a primary care provider within 30 days of angiography
ﬁnding signiﬁcant CAD. However, in the context of poor
continuity of information between providers,39 the transfer of
responsibility for repeated prescriptions may not be transparent. It is also possible that short prescriptions inadvertently
indicate to both patients and primary care providers that longterm adherence is unnecessary.
Some methodological limitations also warrant consideration. Administrative databases evaluate prescription ﬁlls
rather than swallowing of pills and cannot account for
intentional discontinuation, assess medications that are not
covered by the ODB plan, or evaluate patients younger than
65 years. The design of the study cannot fully exclude clinical
differences between those receiving longer and those receiving
shorter prescriptions. However, the consistency in ﬁndings
across medication classes reduces the likelihood that the results
are biased by unobserved patient-level factors.
Conclusion
In summary, long-term adherence to cardiac secondary
prevention medications remains suboptimal, and forcing
elderly patients to frequently visit outpatient providers to
renew prescriptions may exacerbate this problem. Thus,
although dosage adjustments may occasionally be necessary,
the length of prescription provided for cardiac medications
after angiography may represent a novel modiﬁable factor for
long-term adherence.40 A trial would be necessary to provide
conclusive evidence, but our ﬁndings suggest that the
advantages of a general approach of providing cardiac medication prescriptions for a longer interval after discharge may
outweigh the potential harm resulting from oversupply.
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Abstract
Background: Despite evidence-based recommendations supporting long-term use of cardiac medications in
patients post ST-elevation myocardial infarction, adherence is known to decline over time. Discontinuation of
cardiac medications in such patients is associated with increased mortality.
Methods/design: This is a pragmatic, cluster-randomized controlled trial with blinded outcome assessment and
embedded qualitative process evaluation. Patients from one health region in Ontario, Canada who undergo a
coronary angiogram during their admission for ST-elevation myocardial infarction and who survive their initial
hospitalization will be included. Allocation of eligible patients to intervention or usual care will take place within
one week after the angiogram using a computer-generated random sequence. To avoid treatment contamination,
patients treated by the same family physician will be allocated to the same study arm. The intervention consists of
recurrent, personalized, paper-based educational messages and reminders sent via post on behalf of the
interventional cardiologist to the patient, family physician, and pharmacist urging long-term adherence to
secondary prevention medications. The primary outcome is the proportion of patients who report in a phone
interview taking all relevant classes of cardiac medications at twelve months. Secondary outcomes to be measured
at three and twelve months include proportions of patients who report: actively taking each cardiac medication
class of interest (item-by-item); stopping medications due to side effects; taking one or two or three medication
classes concurrently; a perfect Morisky Medication Adherence Score for cardiac medication compliance; and having
a discussion with their family physician about long-term adherence to cardiac medications. Self-reported measures
of adherence will be validated using administrative data for prescriptions filled.
Discussion: This intervention is designed to be easily generalizable. If effective, it could be implemented broadly. If
it does not change medication utilization, the process evaluation will offer insights regarding how such an
intervention could be optimized in future.
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Background
Cardiovascular disease burden and the role for long-term
pharmacotherapy

Worldwide, cardiovascular disease (CVD) is estimated
to be the leading cause of death and disability [1].
Approximately 50% of myocardial infarctions (MIs)
and 70% of CVD deaths occur in patients who have
already documented coronary artery disease (CAD)
[2]. Therefore, the prompt identification of modifiable
cardiovascular risk factors and initiation of proven secondary preventative medications post-MI are essential
to the prevention of subsequent cardiac events [3].
Population-level observational studies provide evidence
that the rate of cardiovascular morbidity and mortality
has been decreased through the use evidence-based
therapies [4,5].
ST-segment elevation myocardial infarction (STEMI)
is a common presentation of acute myocardial infarction (AMI) constituting approximately 30% of all cases
[6]. Post-STEMI, patients are at high risk for subsequent cardiac events—18% of men and 35% of women
will have a repeat MI within six years and STEMI
patients have four to six times the risk of sudden cardiac death compared to the general population [7].
While acute treatment is crucial for STEMI patients,
relevant guidelines emphasize that the initiation and
long-term maintenance of evidence-based secondary
preventative therapies are essential for reducing the
overall burden of CVD [3,8,9].
Poor long-term adherence to cardiac medications

While there is a significant body of evidence supporting
these guidelines (Table 1), there remains a large gap between ideal and actual care with regard to the long-term
management of cardiovascular risk for these patients.
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Studies show that adherence to evidence-based therapies begins decreasing at 30 days and falls to as low as
50% adherence at six months post-discharge [10-14].
Unfortunately, discontinuation of evidence-based therapies has repeatedly been shown to be associated with
increased mortality in patients with CAD [15-18].
Medication non-adherence is increasingly recognized
as a very important issue due to its significant health consequences [19,20]. Many reasons for non-adherence have
been proposed and these can generally be categorized as
provider-level (e.g., knowledge, motivation, time), patientlevel (e.g., knowledge, motivation, finances [21]), and
system-level (e.g., access to care, coordination of care).
Furthermore, both ethnicity [22,23] and socio-economic
status [24] seem to be related to quality of care for cardiovascular disease, even in countries with universal healthcare like Canada and the United Kingdom (UK), and
non-adherence related to such factors may not be readily
impacted with quality improvement interventions.
Fortunately, the evidence suggests that many of the key
factors contributing to cardiac medication non-adherence
may be amenable to intervention. Discontinuation of
evidence-based cardiac medicines post-STEMI is rarely
due to an active, informed choice after discussion of
risks and benefits between patient and health-careprovider; absolute contraindications are rare and side
effects are infrequently reported by patients as the
primary reason for discontinuation (less than 4% of
patients) [25,26]. In contrast to situations where in
formed decisions are made to deviate from standard
treatment protocols, qualitative work in primary care has
found that poor adherence may be frequently due to
fragmented systems of care [27] or communication problems at the interface between secondary and primary
care [28]. A recent study in Canada has highlighted the

Table 1 Summary of guideline recommendations for medications post-STEMI
Medication
Anti-platelets

Recommendation

Strength
of evidence*

Aspirin therapy (75-162 mg/day) indefinitely post-STEMI.

IA

P2Y12-receptor inhibitor (clopidogrel, prasugrel, or ticagrelor) in combination with aspirin
in patients post ACS

IA

P2Y12-receptor inhibitor continued for at least 12 months if ACS managed with PCI and
stent placement

IA

Statins

Statin therapy indefinitely for all patients with a prior cardiovascular event.

IA

Angiotensin-system agent

ACE inhibitor (or ARB if intolerant) post-STEMI indefinitely for all patients with left
ventricular ejection fraction <40% and in those with hypertension, diabetes, or chronic kidney disease

IA

ACE inhibitor (or ARB) for all patients post-STEMI

IIa B

Beta-blockers

Beta-blockers for all patients post-STEMI

IA

Beta-blockers continued for at least three years post-STEMI

IB

*Strength of Evidence.
I: Conditions for which there is evidence and/or general agreement that a given treatment is beneficial, useful, and effective.
IIa: Weight of evidence/opinion is in favor of usefulness/efficacy.
A: Data derived from multiple randomized clinical trials or meta-analyses.
B: Data derived from a single randomized trial, or nonrandomized studies.
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risk related to transitions in care; it appears that hospitalizations increase the risk for inadvertent discontinuation
of cardiac medications [29].
The provider also can have an impact; having a cardiologist involved in the patient’s care may increase rates
of appropriate medication adherence [30]. However,
there is undesirable variation among prescription rates
by specialists as well. In one study of cardiologists, the
most common reason given for not prescribing secondary
prevention medications was, ‘not high-enough risk’ [25].
However, in that study, risk scores of patients not treated
for this reason were often higher than those of patients
prescribed such treatment. Meanwhile, the same study
found that approximately one-third of patients had stopped
their medication without instruction from their doctor.
This indicates a potential role for multi-pronged interventions addressing both the provider and the patient.
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Objectives
The overarching goal of this project is to improve longterm use of secondary prevention medications for
patients with CAD, and thereby reduce cardiovascular
events through the use of an easily generalizable and
sustainable intervention. The primary objective of this
study is to assess if repeated mailing of an educational
message and reminder to the family physician and the
patient will decrease the proportion of patients who
discontinue evidence-based secondary-prevention medications at twelve months post-STEMI. A secondary objective is to encourage cardiac patients and their
primary care providers to discuss the benefits of longterm adherence to cardiac medications.

Methods/design
Study design

Previous research aiming to improve adherence

Numerous systematic reviews have been published regarding interventions to improve adherence to medications.
An overview of reviews found that no patient-mediated
interventions were effective across all diseases, but
found that the most promising interventions included
self-management, simplified dosing, and involvement of
pharmacists [31]. A review focusing on anti-depressants
found that patient education alone was ineffective [32],
and a review focusing on anti-epileptics found that patient education was inconsistent, while interventions
with multiple reminders featuring action planning were
more often effective [33]. Recognizing that non-adherence
tends to worsen over time, a recent Cochrane review
recommended testing a delayed intervention as opposed
to the immediate reminders used in similar previous trials
[34], as one would expect a larger effect size in a delayed
intervention.
One previous trial has shown that brief evidence summaries regarding medications attached to discharge letters sent to primary care providers resulted in improved
adherence [35]. Three other trials have evaluated the
role of reminder letters to the primary care provider
(with or without patient reminders) to improve adherence to evidenced-based cardiovascular therapies: one in
the USA, one in the UK, and one in Canada [36-38].
The American trial focused on beta-blocker use post-MI
and found a small increase in compliance (proportion of
days covered), with a number needed to treat of 16 for
achieving high adherence, but no change in the proportion who discontinued their beta-blocker. The other two
trials focused on statin use in patients with known CAD.
These trials found absolute increases in adherence of 9%
to 10% in statin use, but despite this being a potentially
important effect size on a population basis, both were
under-powered for effects this size.
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DERLA-STEMI is a pragmatic, cluster-randomised
controlled trial, with blinded outcome-assessment, and
is registered with clinicaltrials.gov (NCT01325116). See
Study Flow Diagram (Figure 1).
Participants and Setting

In Ontario, healthcare is financed through a singlepayer (publicly administered) system. There are no copayments for visits to generalist or specialist physicians
or for care provided in hospitals for patients of any
age, and almost all licensed prescription medications
are covered for patients 65 and over. Patients younger
than 65 years pay for medications out-of-pocket or
through private insurance plans, or are covered by the
provincial plan if they qualify for social support.
In this study, eligible patients are adult patients
(>18 years) with a diagnosis of STEMI, who undergo
a coronary angiography procedure (with or without
angioplasty), at the Heart Investigation Unit (HIU) in
Hamilton, Ontario, and who are alive at hospital discharge. In keeping with the pragmatic approach to
study design, no other exclusion criteria will be applied. The HIU is the only catheterization lab in its
region, with a catchment population of almost 1.5 million people. More than 700 STEMI patients undergo
an angiogram there each year. Studies at the HIU have
highlighted excellent rates of prescribing of evidencebased therapies at discharge post-STEMI, but substantial reduction in use starting three months following
discharge [39,40]. While 78% of STEMI patients leave
the HIU taking a statin, an ACE-inhibitor (or ARB), a
beta-blocker, and aspirin, by 90 days the proportion
still taking all four of these medication classes falls to
63% (unpublished data from the Strategic Management of Acute Reperfusion and Therapies in Acute
Myocadial Infarction (SMART-AMI) study).
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Figure 1 Study Flow Diagram.

Intervention

The intervention was developed in concert with clinical
experts from both primary care and cardiology, as
well as experts in knowledge translation and medical
decision-making. Personalized letters sent via post to the
patient and their family physician at one, five, eight, and
eleven months after their angiogram, signed by the interventional cardiologist (see Additional file 1: Appendix A
for prototype). The letter for the family physician names
the patient and provides brief evidence in support of longterm medication use for these patients. This was reviewed
and edited with a series of family physicians from a different area of the province.
The patient letter provides a review of the importance and role of each of the cardiac medications and
urges short- and long-term adherence (see Additional
file 1: Appendix B for prototype). The educational aspect is designed to address knowledge and beliefs about
medication use as a potential cause of poor adherence.
The intervention explicitly encourages discussion of
medication adherence with the family physician by asking patients to bring the letter to their family physician.
It also asks patients to deliver the final page of their
letter to their pharmacist; this page is written to the
pharmacist urging them to participate in promoting
long-term adherence. The intention is to facilitate recurrent discussions with primary care providers that
emphasize long-term adherence and to address coordination of care and continuity of information as barriers
to medication persistence. This letter was developed
with iterative evaluations of understanding and acceptability amongst a series of cardiology patients at the
HIU. The language in the patient letter is simplified to
a grade six-level.
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The timing of the intervention was specifically chosen
based on the preliminary data obtained from the
SMART-AMI trial demonstrating suboptimal rates at
90 days. Furthermore, literature (referenced above)
demonstrates that adherence starts decreasing by thirty
days and continues to decrease in an almost linear fashion. Finally, the common practice in Ontario is for pharmacists to dispense medications for no more than three
months at a time (regardless of duration of the prescription ordered by the physician). Therefore, we decided to
deliver the intervention at regular intervals (1, 5, 8, and
11 months post-STEMI) corresponding to the likely time
periods prior to patients requiring a prescription renewal/refill. In pilot testing the intervention with family
physicians and patients, we determined that sending the
full letter too frequently would be undesirable and that
the physicians in particular did not want to have monthly
reminders. At the same time, close examination of data
from Ontario indicated large stepwise declines in adherence at 30 and 60 days post-STEMI. To address this,
patients will be provided an additional postcard type reminder two months post-STEMI (see Additional file 1:
Appendix C).
In summary, the unique aspects of the intervention
compared to usual care include the following: the letter
to the primary care provider is personalized and includes
a summary of the evidence in support of long-term adherence and represents a recurrent form of contact between the cardiologist and the primary care provider;
the letter to the patient use clear language suitable for a
broad range of health literacy levels and was iteratively
refined with input from patients in the target population,
features content that attempts to address adherencerelated beliefs, and provides explicit, actionable instructions

128

Ivers et al. Implementation Science 2012, 7:54
http://www.implementationscience.com/content/7/1/54

to discuss the matter with the family physician as well as a
summary to be given to the outpatient pharmacist to facilitate coordination of renewals.

Comparator/usual care

Usual care in this context may include some contact between the admitting physician (generally not the interventional cardiologist) for the STEMI patient and the
primary care provider (generally the family physician).
This is usually in the form of a standard discharge summary mailed to the family physician’s office at the end of
the hospitalization. The quality of such discharge summaries varies widely even within the same institution
(and summaries frequently lack necessary information
regarding medications) [41]. In keeping with the pragmatic nature of the trial, no attempt will be made to
standardize the usual care arm [42].
Allocation

The randomization schedule was computer-generated
by a statistician independent of the study, using a
permuted block design with randomly varying block
lengths of four, six, or eight. Eligible patients are randomly
allocated to one of the two treatment arms. Although
enrolment of more than one patient treated by a particular family physician is expected to occur infrequently,
randomization will be carried out to ensure that, once a
patient from any family physician is randomized, all future
patients seen by that family physician will automatically
be assigned to the same arm. This is necessary to avoid
contamination (with one family physician having patients
in different intervention arms). Roughly one-half of
patients will be allocated to each study arm (the actual allocation ratio will depend on the size of the clusters).
Based on pilot data, we anticipate that approximately 10%
to 15% of patients will not have a family physician. In
keeping with the pragmatic design of the trial, a patient
without a family physician will be included (receiving only
the patient-level intervention).
Randomization is delayed by one week (after the
angiogram) to permit time to identify and exclude
patients with in-hospital death. Randomization will continue until the target sample size is achieved. The anticipated duration of enrolment is 15 months. The
allocation sequence will be concealed from the investigators and outcome assessors; only the study coordinator
who will be sending out the letters will have access to
the un-blinded allocation list.
Outcomes

The primary outcome is the proportion of living patients
who describe taking all cardiac medication classes of interest measured at twelve months. This type of ‘all-or-none’
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measure has been recommended for evaluating quality
improvement interventions, especially related to medication utilization [43]. Specifically, we will assess whether
patients are taking a statin, beta-blocker, angiotensin
modifier (ACE or ARB), and aspirin at twelve months. All
STEMI patients have reasonable evidence supporting
these medications [3]; we anticipate that randomization
will balance those patients for whom evidence is less
clear or who might have contraindications to any of
these medications.
We will also assess whether patients are taking these
four medication classes plus a secondary antiplatelet
(clopidogrel, prasugrel, or ticagrelor) at three months.
Therefore, patients at three months will be dichotomized
as to whether or not they are taking all five cardiac
medication classes, and at twelve months they will be
dichotomized according to whether they are taking all
four relevant medication classes. The difference in the
number of medication classes considered at three and
twelve months relates to uncertainty in the evidence
regarding the appropriateness of a secondary antiplatelet
at this timeframe. Additional secondary outcomes include a comparison of: the proportion of patients who
report actively taking each cardiac medication class of
interest (item-by-item) at three and twelve months; the
proportion of patients who report stopping medications
due to side effects at three and twelve months; the proportion taking one or two or three medication classes
concurrently at three and twelve months; and the proportion of patients with a perfect Morisky Medication
Adherence Score (MMAS) for cardiac medication compliance at three and twelve months. The MMAS is a
brief, standardized adherence questionnaire which excellent reliability [44], and has been shown to be predictive
of cardiovascular medication adherence [45] and to be
associated with control of blood pressure and cholesterol
[44,46]. In addition, all patients will be asked at three
months and twelve months whether they had a discussion with their family physician during past three
months in which the provider had encouraged longterm cardiac medication compliance.
Data collection

Baseline patient characteristics will be obtained from
standard patient-registry information at the HIU. This
includes demographic information, comorbidities, and
the findings at the time of angiography.
Outcomes will be assessed 3 and 12 months postindex angiogram through patient phone calls by a research coordinator associated with the HIU who will be
trained expressly for this function. The research coordinator conducting the phone calls will not have access to
the allocation list. The calls are made on behalf of the
treating cardiologist at the HIU, and all patients will be
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encouraged to review cardio-protective meds with their
family physician. The phone call follow-ups will ask
patients to list their current, daily medications (and doses)
without specific prompting in order to reduce bias.
Attempts will be made to contact patients for a maximum
of 30 days prior to being considered lost-to-follow-up.
Reasons for loss-to-follow-up will be tracked.
For a sample of patients aged 65 and older, the
Ontario Drug Benefit database will be used to examine
the accuracy of the self-reported primary outcome and
to further evaluate adherence using the medication possession ratio over the preceding year, which has been
shown to be associated with both pill counts and clinical
effects [47].
Ethical considerations

Research Ethics Board (REB) approval was received at
Hamilton Health Sciences Centre and McMaster University (project number 11–191). Given the low risk nature
of the intervention, which falls within the realm of
continuity-of-care and circle-of-care, the REB agreed
that verbal consent at the time of outcome assessment is
the most appropriate design to test this pragmatic intervention. Thus, there is no formal recruitment process;
as mentioned above, all eligible patients within the
registry at the HIU are allocated to intervention or control one-week post-STEMI. To gain REB approval, we
agreed to provide a note to the family physician of all
included patients describing the patient-reported outcomes (e.g., current medications and adherence) at the
end of the trial.
Data management

All patient data will be collected directly into a
password-protected database and will not be removed
from the server at the HIU research office. Necessary information for contacting the participants (e.g., name,
phone number) will be kept in a separate, passwordprotected file from the study data, which will have no
patient identifiers. The outcome data (without any identifiers) will be transferred from the database into a statistical package for analysis.
Analysis

Descriptive statistics will be calculated for all variables of
interest: continuous variables with a normal distribution
will be summarized using means and standard deviations
(medians and inter-quartile ranges in the case of skewed
distributions), whereas categorical variables will be summarized using frequencies and proportions.
We hypothesize that the intervention will result in a
greater proportion of patients who report taking each
cardiovascular medication class of interest at 12 months
post-angiography. The absolute difference in proportions
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will be calculated for all primary and secondary dichotomous outcomes, together with 95% confidence intervals
adjusting for clustering by family physician [48]. The
statistical significance of differences between arms will
be evaluated using chi-squared tests, adjusted for clustering by family physician.
Exploratory multivariable analyses will be carried out
using generalized estimating equations (GEE) to identify
potential baseline predictors of adherence. Potential effect modification by treatment—medical management
versus coronary artery bypass graft (CABG) versus
angioplasty—and attendance at cardiac rehabilitation
will be explored by including interactions between these
two variables and group. It is plausible that this analysis
will suggest a need for tailored interventions for these
subgroups. A further exploratory analysis will be conducted focusing on patients who reported taking all five
cardiac medication classes and had perfect MMAS
scores at three months using a multivariable model to
examine covariates predicting late-onset discontinuation.
In addition, a planned sensitivity analysis will exclude
those patients who did not have a family physician, as
we would expect such patients to be more likely to discontinue their cardiac medications.
Analyses will be performed on an intention-to-treat
basis. No interim analyses are planned. All analyses will
be carried out using the SAS Version 9.2 statistical program (SAS Institute, Cary, NC, USA).
Sample size

The sample size for this design is based on the following
assumptions: an assumed absolute increase in the proportion of patients taking all four cardiovascular medication classes of 11% at twelve months post-STEMI; an
estimated control group proportion of 50%, and a variance inflation factor of 1.02 (derived from an intracluster correlation coefficient of 0.019 calculated from
data in the SMART-AMI registry and assuming an average cluster size of 1.2 based on pilot data). To achieve
80% power to detect a significant main effect of the
intervention using a Chi-squared test at the 5% level of
significance, 652 patients would be required. We will
randomize 815 patients to account for an estimated participation rate of 80% at the 12-month follow-up. This
dropout rate is conservative based on similar studies at
the HIU where the participation rate has been greater
than 90% over even longer time periods [40].
The expected effect size is slightly higher than the effect seen in the previous Canadian trial to account for
the fact that the intervention is multifaceted (directed at
both physician and patient) and occurring later postSTEMI (reducing the expected control group rate and
therefore the possibility of a ceiling effect). Based on this
sample size calculation, and the rate of STEMI patients
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presenting to the HIU, we anticipate that it will take approximately 15 months to complete the recruitment for
this study.
We will use a kappa statistic to assess agreement between the self-report of the primary outcome and the
corresponding objective data from the Ontario Drug
Benefit database. Based on an anticipated overall proportion of 56% at 12 months (average of intervention and
control arm) and an anticipated kappa of 0.88, we would
consider acceptable agreement if the lower limit of the
95% confidence interval around kappa does not drop
below 0.80. Therefore we will evaluate validity of the primary outcome in a random selection of 138 patients
aged 65 or greater.
Process evaluation—optimizing the intervention

A random sample of participating patients will be asked
a series of additional, structured questions at the time of
outcome assessment 90 days post-STEMI. Specifically, a
20% random selection of patients who received the
intervention will be sampled, equating to approximately
80 patients. In addition, all family physicians in the
intervention group will be mailed a one-page questionnaire along with the second iteration of the provider letter (month five post-STEMI). A response rate of only
15% will allow us to get feedback from about 50 family
physicians. The questionnaires to both patient and provider assess acceptability of the intervention and the reasons for any (lack of ) action taken (See Additional file 2:
Appendix D for patient process evaluation questionnaire
and Additional file 2: Appendix E for provider process
evaluation questionnaire). The answers to these questionnaires will be summarized descriptively and used to
inform future iterations of the intervention.
We also plan to conduct focus groups with both
patients and providers to better understand both why
the intervention did (or did not) work and how it might
be optimized. Participants for these focus groups will be
purposively recruited based on the responses to the
questionnaires. We plan to conduct one or two focus
groups of six to eight patients and one focus group of
four to six physicians, each group lasting about one hour
occurring at the HIU. These focus groups will follow a
semi-structured guide that will be informed by the issues
identified in the questionnaires. The overarching goal of
the focus groups will be to compare and contrast various
designs and approaches of sending reminders to decrease the risk of inappropriate medication discontinuation. To this end, a variety of reminder designs will be
handed out among the focus group participants to encourage discussion (similar to how marketing firms traditionally have used focus groups). Physician participants
will be provided with $75 (and refreshments). Patient
participants will be offered a $25 gift certificate (and
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refreshments) as remuneration for attending the focus
group. The sessions will be recorded and transcribed
verbatim.

Discussion
Discontinuation of cardiac medications post-STEMI
occurs due to patient, provider, and system-level factors
and has important consequences for the patient. This
two-arm, pragmatic, cluster-randomized controlled trial
will test whether mailed reminder letters sent from the
interventional cardiologist to the patient and their family
physician can successfully increase adherence. Even if
the trial does not show a significant effect on medication
discontinuation, the embedded process evaluation will
provide helpful information for planning future interventions aiming to address this important issue.
Limitations

Although our overall goal is to improve adherence to
medications, it is important to note that our primary outcome evaluates discontinuation (or ‘persistence’). This
represents the most extreme form of non-adherence. The
allocation is clustered at the level of the family physician
to limit contamination, but it was deemed not feasible to
do the same with pharmacists. Although the tear-away
page in the patient letter for pharmacists could theoretically bias toward a null finding if pharmacists transfer their
learning from one patient to another, we considered this
risk to be small in comparison to the potential benefit of
facilitating interactions with these key primary care
providers.
It is important to note that this trial will not be able to
discern the relative importance of intervention at patient
versus family physician level. A larger sample size would
be preferable to provide an opportunity to test multiple
ways of designing and delivering this type of intervention within a single trial. In the case of a positive effect,
the pragmatic approach utilized will not allow for inferences regarding the ‘most important’ active ingredients
in the intervention. We intend to explore these issues
through the process evaluation. The questionnaires
developed for the process evaluation are not independently validated for assessing acceptability and usability of
the reminder intervention. However, they will be evaluated qualitatively to inform iterative improvements to
the program after the trial is completed, and will allow
us to identify interested participants for focus groups.
Although the research coordinator conducting the outcome assessment will be blinded to allocation, it is possible that some patients will discuss receiving the
intervention with the coordinator. Another important
caveat is that we will be using patient self-report for main
outcome measurements—an approach which has previously been used in a similar trial [38]. We are planning to
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evaluate the validity of self-report data in our study by
comparing patient reported medication use (including the
MMAS) with data recorded in administrative databases
for a subsample of participants above age 65 (for whom
data are accessible using the Ontario Drug Database).
Through these administrative databases, we can also pursue proxy measures for adherence (rather than strictly
discontinuation) by assessing the medication possession
ratio.

Implications

Given the proven effectiveness of secondary prevention
medications for reducing morbidity and mortality and
the high risk for poor outcomes in the post-STEMI
population, we believe it is appropriate to power this
trial to show relatively small increases in adherence. Although we would hesitate to extrapolate the findings of
this study without further research, we believe it is important for quality improvement trials measuring
process outcomes such as adherence to consider the potential for patient-relevant outcomes. To illustrate, consider the systematic review of RCTs of statin-therapy,
which found a number needed to treat (NNT) of 86 to
reduce mortality in patients with CAD [49]. We estimate
that the NNT for avoiding statin discontinuation with
the reminder interventions tested in this trial is approximately 10. If this were the case, then the NNT for the
reminder interventions to prevent a single mortality
would be 860. In fact, the number might be lower than
this since the intervention may also increase utilization
of the other cardiac medications known to reduce mortality. Given the low-cost, low-risk nature of the intervention in this trial, we believe that NNTs of this size
merit further study for potential population-wide
implementation.

Summary

The major strengths of this trial are the pragmatic nature of the intervention the study design. The trial is
well powered and designed specifically to improve health
services for a common problem in patients at high risk
of cardiovascular events. Many quality improvement
trials embark upon highly sophisticated and expensive
interventions; even if successful, sustainability of such
interventions beyond the trial period proves challenging.
Conversely, the DERLA-STEMI intervention would be
easily testable in other healthcare settings and for other
conditions where long-term adherence is suboptimal.
We believe this study will demonstrate the feasibility, acceptability, and (hopefully) the effectiveness of a sustainable and generalizable quality improvement intervention
for STEMI patients.
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